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PJ® Thermal CmiPBCm reactor and use fdr thermal chemical vapor deposition of silicon dioxide and 
^ In-situ multi-step planarlaed process. 



Q.® A high pressure, high throughput single wafer, 
lU semiconductor processing reactor (10) is disclosed 
which is capable of thermal GVD. plasma-enhanced 
CVD. plasma-asststed etchback, plasma self-dean- 



ing. and deposition topography modification by sput- 
tering, either separately or as part of ir>-situ multiple 
step processing. The reactor includes cooperating 
anays of in ter dlgit a te d susceptor (16) and wafer fln- 
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gers (20) which collectively remove the wafer (15) 
from a robot transfer blade ^4) and position tfie 
wafer with variable, controlled, dose parallel spacing 
between the wafer and the chamber gas inlet mann 
fold (26) then return the wafer to the blade. A com- 
bined RF/gas feed^rough device (36) protects 
against process gas leaks and applies RF energy to 
the gas Inlet manifold without Inte^al breakdown or 
deposition of the gas. The gas Inlet manifokl (26) is 
adapted for providing uniform gas ftow over ttte 
wafer. Temperalure-controDed internal and external 
manifold surfaces suppress condensation, premature 
reacttons and decompositfon and deposrtton on the 
external surfaces. The reactor also incorporates a 
uniform radial pumping gas system which enables 
uniform reactant gas flow across the wafer and 
cfirects purge gas ftow downwardly and upwardly 
toward the periphery of the wafer for sweeping ex- 
haust fases radially away from the wafer to prevent 
deposition outacte the wafer and keep the chamber 
dean. The reactor provides uniform processing over 
a wkJe range of pressure inducting very high pres- 
sures. A low temperature CVD process for forming a 
highly conformal layer of silicon dioxide is also dis» 
ck>sed. The process uses very high chamber pres- 
sure and tow temperature, and TEOS and ozone 
reactants. The tow temperature CVD silicon dioxtoe 
deposition st^ is particularly useful for planarizing 
underlying st^>ped dielectric layers, either alone on 
In conjunction wrtii a subsequent isotropto etch. A 
preferred in-situ multiple-step process for forming a 
planarized silteon dtoxide layer uses (1) high rate 
silicon dioxide deposition at a tow temperature and 
high pressure followed by (2) the deposition of the 
conformal stlicon dioxide layer also at high pressure 
and low temperature, fdlowed k>y (3) a high rats 
isotropic etch, preferably at tow temperature and 
high pressure in tiie same reactor used for the two 
oxide deposition steps. Various combir^ations of the 
steps are disdosed for different afH^Hcations, as is a 
preferred reactor self-de^ng step. 
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THERMAL CVD/PECVD REACTOR AND USE FOR THERMAL CHEMICAL VAPOR DEPOSITION OF SlUCON 



DIOXIDE AND IN-SITU MULTI-STEP PLANARgED PROCESS 



Backgrpund of the fnvention 

The present invention relates to a reactor and 
methods for performing single and in-srtu multiple 
integrated circuit processing steps, including ther- 
mal CVD. plasma-enhanced chemical vapor depo- 
^on (PECVD), reactor self-cleaning, film etchback. 
and modification of profile or other film property by 
sputtering. The present inventk)n also relates to a 
process for forming conformai, planar dielectric lay- 
ers on integrated circuit wafers and to an in-situ 
multi-step process for forming conformai, planar 
dielectric layers that are suitable for use as inter- 
level dielectrics for muHNayer metallization inter- 
connects. 



I. Reactor 

The early gas chemistry deposition reactors 
that were applied to semiconduclor integrated cir- 
cuit fat)rication used relatively high temperature, 
thermally-activated chemistry to deposit from a gas 
onto a heated substrate. Such chemical vapor de- 
position of a solid onto a surface invoEves a het- 
erogeneous surfiEice reaction of gaseous species 
that adsorb onto the surface. The rate of film 
growth and the film quality depend on the wafer 
surface temperature and on the gaseous species 
available. 

More recently, tow temperature plasma-er>- 
hanced deposition and etching techniques have 
been devetoped for forming diverse materials, ii>* 
eluding metals such as aluminum and tungsten. 
cBelectric films such as siHcon nitride and siPcon 
(fioxide. and semiconductor films such as silicon. 

The plasma used in the available pla»rna-er>- 
hanced chemicai vapor deposition processes is a 
low pressure reactant gas cHscharge which is d^ 
veloped in an RF fiehj. The plasma is, by definition, 
an electrically neutral tonized gas in which there 
are equal number densities of electrons and k>ns. 
At the relatively low pressures used in PECVD, the 
discharge is in the *gk>w* region and the electron 
energies can be quite high relatNe to heavy par- 
ticle energies. The very high electron temperatures 
increase the density of disassociated species with- 
in the plasma which are available for deposition onr 
nearby surfaces (such as substrates). The en- 
hanced supply of reactive free radicals in the 
PECVD processes makes possible the depo^on 
of dense, good quality films at tower temperatures 
and at faster deposition rates (300-400 Angstroms 



per minute) than are typically possible using purely 
thermally-activated CVD processes (100»200 Ang- 
stroms per minute), htowever. the deposition rates 
available using conventional plasma-enhanced pro- 

5 cesses are still relatively low. 

Presently, batch-type reactors are used in most 
commerdai PECVD applications. The batch reac- 
tors process a relativeiy large number of wafers at 
once and, thus, provhje relatively high throughput 

70 despite the low deposition rates. However, single- 
wafer reactors have certain advantages, such as 
the lack of within-batch unifbnmity problems, whtoh 
make such reactors attractive, partlculariy for large, 
expensive wafers such as 5-8 inch diameter wafers. 

75 In addition, and quite ot>viously. increasing the de- 
position rate and throughput of such single wafer 
reactors and further increase their range of useful 
applications. 

20 

II. Thermal CVD of SiOas Ranarization Process 

Recerrtly Integrated drcuit (IC) technology has 
advanced from large scale integration (LSI) to very 

25 large scale Integration (VLSI) and is projected to 
grow the ultra-large integratton (ULSI) over the next 
several years. This advancement in monolithto cir- 
cuit Integration has been made possible by im- 
provements in the manufacturing equipment as well 

30 as in the materials and methods used in process- 
ing semiconductor wafers into IC chips. However, 
the rncorporatton into IC chips of, first, increasingty 
complex devices and circuits and, second, greater 
device densities and smaller minimum feature 

OS sizes and smaller separattons. imposes increas- 
ingly stringent requiraments on the basic integrated 
drcuft fatMficatton steps of masking, film fbnnafion. 
dopTng and etching. 

As an example of the increasing complexity, it 

40 is prpiecled that shortly, typtoai MOS (metal oMe 
semiconductor) memory circuits will contain two 
levels of metal interconnect layers, white MOS tog- 
ic circuits may well use two to three metal intercon- 
nect layers and bipolar digital circuits may require 

45 three to four such layers. The increasing complex- 
ity, thickness/depth and small size of such multiple 
interconnect tovels make it increasingly difficult to 
fabricate the required confbnmal, planar Interievel 
dielectric layers mafcarials such as silicon dtoxUJe 

60 that support and eiectricaily Isolate such metal in- 
terconnect layers. 

The difficulty in forming planarized confonnal 
coatings on mall stepped surface topographies is 
illustrated in RG. 16. There, a first film such as a 
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conductor layer 171 has been formed over the 
existing stssH^ed topography of a partially com- 
pleted integrated circuit (not shown) and is under- 
going the depositk>n of an intertayer cfielectric layer 
172 sudi as silicon dioxide. This Is done prepara- s 
tory to the fomnation of a second level conductor 
layer (not shown). Typtoaify, where the mean-free 
path of the depositing active spedes Is long com- 
pared to the step dimensions and where there is no 
rapid surface migration, the deposition rates at the io 
t}ottom 173. the sides 174 and the top 175 of the 
stopped topography are proportional to the asso- 
dated arrival angles. ITie bottom and side arrival 
angles are a function of and are limited by the 
depth and smalt wktth of the trench. Thus, for very 75 
narrow and/or deep geometries the thickness of the 
bottom layer 173 tends to be deposited to a lesser 
thickness tfian is the side layer 174 which, in tum.' 
is less than the thickness of top layer 175. 

Increasing the pressure used In the depositton 20 
pnxess typically will inoease the collision rate of 
the active spedes and decrease the mearHree 
path. TTiis would increase the arrival angles and. 
thus, increase the deposition rate at the sidewaiis 
714 and bottom 173 of the trench or step. How- ss 
ever, and refening to RG. 17A. this also increases 
the arrival angle and associated depo^on rate at 
stepped comers 176. 

For steps separated by a wkJe trench, the 
resulting inwardly stoping film configuratton forms 30 
cusps 177*177 at the sidewall-bottom interface, it is 
difficult to form contonmai metal and/or dielectric 
l^ers over such topographies. As a consequence, 
it Is necessary to separately planarize the topog- 
raphy. 35 

In addition, and referring to RQ. 17B. where 
the steps are separated by a narrow trench, for 
example, in dense 256 kilobit VLB! strictures, the 
Increased deposition rate at the comer 176 en- 
doses a vokl 17a Such voids are exposed by 4o 
sul>sequent planarization procedures and may al- 
tow the second level conductor to penetrate and 
run atong the void and short the concbictors and 
devtoes atong the voki 



Summary of the Inventfaxi 
upiects 

so 

In view of the above discussfon. it is one object 
to provkte a semtoonductor processing reactor 
whteh provides unifonn deposrtfon over a wkie- 
range of pressures, inducfing very high pressures. 

It is another related object to provkie a versa- 55 
tile dngie wafer semiconductor processing reactor 
which can be used for a muitipRdty of processes 
induding thermal chemical vapor depodtion. 



plasma-enhanced chemical vapor deposition, 
plasma-assisted etchback, plasma seif-deaning 
and sputter topography modification, either alone 
or in-sito in a multiple process secpjence. 

It Is a related object to provide such a reactor 
wtiich accomplishes the above objectives and also 
is adapted for using unstable gases such as TEOS 
and ozone. 

• it is another object of the present invention to 
provkie a process for forming highly contonmai 
silicon dioxide layers, even over small dimension 
stepped t0fx>graphies in Vl^l and ULSI devices, 
using ozone and TEOS gas chemistry and thermal 
CVD. 

It is also an object of the present inventton to 
provkte a planarizatton process which provides ex- 
cellent conformal coverage and eflminates cusps 
and voids. 

It is still another object of the present invention 
to provide a planarization process which can be 
performed in-situ using a multiple number of steps, 
in tiie same plasma reactor chamber, by simply 
changing the assodated reactant gas chemistry 
and operation conditions. 

It is yet another ot>iect of tiie present Invention 
to provide an in-situ muitipte step process including 
plasma deposition and isotropic etching of a water 
for the purpose of optimizing coating contormality 
and planarization, along witii process tiiroughput 
and wafer characteristics such as low particulates. 

Another object is to provide the above-de- 
scrit}ed versatile process characteristics atong with 
the ability to vary tiie process sequence and the 
number of steps, induding tnit not limited to ttie 
addition of reactor self-cleaning. 



Summary 

In one specific aspect, our invention relates to 
a semtoonductor processing reactor defining a 
chamt>er for mounting a wafer therein and an Inlet 
gas manifokj for supplying reactant gases to the 
wafer. The chamt>er also incorporates a uniform 
radial pum^^ng system wt^ inductes vacuum ex- 
haust piflYip means; a gas distntnitor plate mounted 
peripherally about the wafer mounting position 
within the chamber and induding a drcular array of 
exiiaust holes therein; and a drcular channel be- 
neatii and communicating with the hole array and 
having at least a single point connection to the 
vacuum exhaust pump for flowing gases radially 
firom the inlet manifbkl across the wafer and 
through the exhaust port The channel is of suffi- 
dentiy large volume and conductance relative to 
the holes to enatxie controlled uniform radial gas 
ftow across ttie wafer to ttte exhaust holes, thereby 
promoting unifbnm ftow and processing (etching 
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and- deposition) over a wide range of pressures, 
including very high pressures up to about one 
atnnosphere. 

In another aspect the present Invention Is di- 
rected to a semiconductor processing reactor 
wNch comprises a housing fbnning a chamber for 
mounting a wafer horizontally, a vacuum exhsust 
pumping system communicating with the chamber, 
and an inlet gas manifold oriented horizontally over 
the wafer mounting position. The manifold has a 
central anray of process gas apertures configured 
for dispensing reactant gas uniformly over the wa- 
fer and a second peripheral anray of purging gas 
apertures configured for directing purging gas 
downward to the periphery of the wafer. The hole 
arrays are also arranged to eliminate radial align- 
ment of holes. 

In another aspect the reactor incorporates a 
system for drculaUng fluid of controlled tempera- 
ture within the manifold for maintaining the tnt^mai 
surfaces within a selected temperature range to 
prevent condensation and reactions within the 
manifbid and for maintaining the external manifold 
surfaces above a selected temperature range for 
eliminating unwanted deposition thereon. 

In still another aspect the reactor of the 
present invention comprises a thin susceptor for 
supporting a wafer, susceptor support means for 
mounting the susceptor in a horizontal position 
precisely parallel to the gas Inlet manifold and 
means for selectively moving the wafer support 
means vertically to position the susceptor and sup- 
port parallel to the gas manifold at selectsd 
variable-distance positions closely adjacent tiie gas 
manifold. In particular, the variable parallel close 
spacing can be 0.5 centimeter and smaller. 

In still another aspect tite semiconductor pay 
cessing reactor of tiie present invention comprises 
a housing defining a chamber therein adapted for 
tiie gas chemistry processing of a wafer positioned 
within the chamt)er. A transparent window forms 
tiie bottom of the chamber. A tNn high emissivrty 
susceptor Is used for supporting a wafer witttin tiie 
chamber. A radiant heating nrvodule comprising a 
circular array of lamps mounted in a reflector mod- 
ule Is mounted outside the housing for directing a* 
substantially cdlimated beam of near-infrared ra- 
diant energy tivough the window onto the suscep- 
tor with an incident power density substantially 
higher at tiie edge of the susceptor than at the 
center thereof, to heat tiie wafer uniformly. 

Preferably, a second, purge gas manifold Is 
positioned beneatii tiie wafer processing area for 
providing purging gas flow aat>ss the window and 
upward and across the bottom of the wafer. The 
combination of tiie high pressure, ttie purge flow 
from the Inlet gas manifold and that from the purge 
gas manifold substantially eliminates deposition on 



chamber surfaces. 

In still anottier aspect the reactor of ttie 
present invention comprises a deposition gas feed- 
through device connected 'to the gas inlet manifold 

5 whidi comprises tube means adapted for providing 
co-axlai flow of deposition gas on tiie inside of tiie 
tobe and purge gas on the outside ttiereof into tiie 
gas inlet manifold. The tobe is adapted for connec- 
tion to ground at the inlet end and to an RF power 

10 supply at ttie outiet or manifold end to provide RF 
power to the manifold, and has a controlled elec- 
trical impedance along Its lengtti from the inlet to 
ttie outiet end for establishing a constant voltage 
gradient to prevent breakdown of the gas even at 

15 high RF firequencles and voltages. 

These and ottier featores discussed below per- 
mit reactor operation over a wide pressure regime, 
ttiat is. over a wide of pressures including high 
pressures up to appn»dmately one atmosphere. 

30 The features also provide uniform susceptor and 
wafer temperatures, including both at^solute tem- 
perature uniformity and spatial unifomnity across 
tiie susceptorAvafen uniform gas flow distribution 
across the wafen and effective purging. The vari- 

25 at)le parallel close spacing between the electrodes 
adapts ttie reactor to various processes. These 
features and ttie temperature control of ttie Internal 
and external gas manDoM temperatures enable ttie 
advantageous use of very sensitive unstable gases 

30 such as ozone and TEOS In processes such as the 
following. 

That Is, ttie present invention also relates to a 
method for depositing a confbrmal layer of silicon 
dioxide onto a substrate by exposing the sut)strate 

35 to a reactive species formed from ozone, oxygen, 
tetraettiylorttiosilicate. and a carrier gas within a 
vacuum chamber, using a total gas pressure within 
ttie chamtser 10 torr to 200 torr and a substrate 
temperatore within the range of atxnjt 200*C to 

40 500''C. Preferat>ly, a substrate temperature of 
about 375*C ±20^0 Is used to obtain maximum 
deposition rates and the chamt)er pressure Is about 
40 torr to 120 torr. 

In still another a^)ect the present invention is 

46 embodied in a method for depositing ^Ilcon diox- 
ide onto a film or substrate t>y exposing ttie 8ut>- 
strate to ttie plasma formed from tetraettiylor- 
ttiosilicate. oxygen and a carrier gas in a chamber 
using a total gas pressure wtttiin ttie range of about 

so 1 to 50 torr. and a substrate temperatore in the 
range of about 200*C tp SOO'^C. Pref^ly. ttie 
cfiamber pressure is 8-12 torr and the substrate 
temperature is about 375*C ±20"C. 

In stiil another aspect, the invention is directed 

55 to a method for isotroplcally etching a silicon diox- 
ide surfece comprising the step of exposing a 
silicon dioxide surface to a plasma formed from 
fluorinate gas such as NFj. CF4 and C2F6 in a 
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carrier gas in a chamber using a wafer temperature 
in the range of from about 200**C to SOC'C. Prefer- 
^ly, the chamber pressure is within the range of 
about 200 mT to 20 torr, and 500 mT to 10 tonr. 

The invention is also embodied in a method for 
planarizing a non-planar dielectric coating or com- 
posite within a vacuum chamber by depositing a 
conformal layer of silicon dioxide onto the coating 
by exposing the coating to a reactive species 
fonmed from ozone, oxygen, tetraethylorthosiilcate 
and a canier gas. the total chamber gas pressure 
being within the approximate range 10 torr to 200 
torr and the substrate temperature being within the 
approximate range 200^*0 to 500^*0, to thereby 
fbrm a composite of the confbnnnai layer on the 
substrate: and isotropically etching the outer sur- 
face of the resulting composite layer. Preferably, 
this planarizing process uses the plasma oxide 
deposition to first form a layer of sificon oxide and 
also uses the isotropic etch described above. 



Brief Description of the Drawings 

The above and other aspects and advantages 
of the present invention are described in conjunc- 
tion with the following drawing figures, in which: 

f^G. 1 is a top plan view of a preferred 
embodiment of the combined GVD/PECVD reactor 
of tiie present invention, shown with the cover 
pivoted open; 

RG. 2 is a vertical cross-section, partly in - 
schematic, taken along line 2-2 in RG. 1. with the 
reactor cover closed; 

RG. 3 is a vertical cros9*section through the 
wafer elevator mechanic, taken along line 3-3 in 
RG. 1; 

RGS. 4-8 are sequential, highly schematized 
representations of ttie operation of the wafer trans- 
port system in positioning wafers within, and re- 
moving wafers from the reactor suscepton 

RG. 9 Is a reduced scale, horizontal cross- 
section through the circular-anray, radiant lamp 
heating assembly, taken along line 9-9 In RG. 2; 

RG. 10 is an enlarged, partial defection of 
RG. 2 showing the process gas and pwge distribu- 
tion systems in greater detail; 

RG. 11 is a partial, enlarged bottom plan 
view of the gas distribution head or manifokj; 

RG. 12 depicts an enlarged, vertical cross- 
section of the PSF/gas feed-through system shown 
in Ra 2: 

RGS. 13>V-13C schematically depict various 
alternative embodiments of the gas feed-through; 

RG. 14 illustrates breakdown voltage as a 
function of pressure for tow frequency and high 
frequency RF power wHhout a constant voltage 
gradient device; 



RG. 15 illustrates breakdown voltage as a 
function of pressure with and witfiout a constant 
voltage gradient device; 

RG. 16 is a schematic cross-sectional repre- 
5 sentation of an integrated circuit which illustrates 
the arrival angles associated with tiie deposition of 
a layer of material such as dielectric onto a surface 
of stepped topography; 

RGS. 17A and 17B are schematic cross- 
to sections, similar to RG. 16. which illustrate the 
effect of trench widtii on planarization; 

RGS. 18 and 19 are cross-sections of the 
surface topology of an integrated circuit, in the 
manner of RG. 16. Illustrating tiie confomial. planar 
75 qualities of oxide films resulting from the appKca- 
tion of our planarization process; and 

RGS. 20 and 21 depict tiie deposition rate 
as a function of temperature and pressure, respec- 
tively, for our present oxide depo^on process. 

20 

Detailed Description of ttie Invention 
L CVD/PECVD Reactor 

25 

A, Overview of CVD/PECVD Reactor 

RGS. 1 and 2 are. respectively, a top plan view 
of tiie preferred embodiment of tiie single wafer. 

30 reactor 10 of our present invention, sfiown with the 
cover pivoted open, and a vertical cross-section of 
the reactor 10, 

Refening primarily to tiiese two figures and to 
others indicated parentiietically. tiie reactor system 

35 10 comprises a housing 12 (also termed a 
"chamber"), typically made of aluminum, which 
defines an inner vacuum chamber 13 that has a 
plasma processing regfon 14 (FIG. 6). The reactor 
system 10 also includes a wafer-holding susceptor 

40 16 and a unkiue wafer transport system 18 (RG. 
1) that includes vertically movable wafer support 
fingers 20 and susceptor support fingers 22. These 
fingers cooperate wHh an external robotic blade 24 
(RG. 1) for introducing wafers 15 into the process 

45 region or chamber 14 and depositing the wafers 15 
on the susceptor 16 for processing, then removing 
tiie wafers 15 from the susceptor 16 and tiie cham- 
ber 12. The reactor system 10 further comprises a 
process/purge gas manifold or "box" 26 that ap- 

50 plies process gas and purging gas to the chamber 
13. an RF power supply and matching networic 28 
for creating and sustaining a process plasma from 
tiie inlet gas and a lamp heating s^tem 30 for 
heating tiie susceptor 16 and wafer 15 positioned 

55 on tiie susceptor to effect deposition onto tiie war 
f^. Preferably, high frequency RF power of 13.56 
MHz is used, but low frequencies can be used. 
The gas manifokl 26 is part of a unique pro* 
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cess and purgo gas distribution system 32 (RGS. 2 
and 10) that Is designed to flow the process gas 
evenly radially outwardly across the wafer 15 to 
promote even deposition across the i^afer and to 
purge the spent gas and entrained products radi- 
ally outwardly from the edge of the wafer 15 at 
both the top and bottom thereof to substantially 
efiminate deposition on (and within) the gas mani- 
fold or box 26 and the chamber 12. 

A liquid cooling system 34 controls the tem- 
perature of the components of the chamber 12 
including, in particular, the temperature of the gas 
manifold or t>ox 26. The temperature of the gas 
box components is selected to eliminate premature 
deposition within the gas box/imanifbid 26 upstream 
from the process chamber 14. 

The reactor system 10 includes a unique. 
RF/gas feed-through device 36 (RGS. 2 and 12) 
tfiat supplies process and purge gas to the RF- 
driven gas manifold 26 from an electrically ground 
supply. Applying the RF energy to the gas box or 
manifold 26 has the advantage of the waf^ red- 
ing on the grounded counter electrode or susceptor 
16, which makes possible a high degree of plasma 
confinement that would not be achievable if the RF 
energy were applied to the wafer and the gas box 
were grounded. Additionally, the hardware is me- 
chanically and electrically simpler since electrical 
isolation between wafer/susc^>tor and cf^ber is 
not required (or permitted). Temperature measure- 
ment and control of the susceptor/wafer in the 
presence of high frequency electric and magnetic 
fields is greatly simplified with the susceptor 16 
grounded. Also, the feed-through 36 is rigid, elimi- 
nating flexible gas connections and the purge gas 
flow path safely carries any leaking process gas 
into the chamber to the chamber exftaust The 
capability to apply RF power to the gas manifold is 
made possible (despite the inherent temtency of 
high potential RF operation to form a deposition 
plasma within the feed-through) by the unk|ue de- 
sign of the feed-through, which drops the RF po- 
tential evenly atong the length of the feed-through, 
thus preventing a plasma discharge within. 



B. Wafer Transport System 18 

As mentioned, this system is deseed to 
transfer individual wafers 15 between the external 
blade, RG. 2. and the susceptor 16 arKi to position 
the susceptor 16 and wafer 15 for processing. 
Refenring further to RG. 1. the wafer transport 
system 18 comprises a plurality of radially-extend- 
ing wafer-support fingers 20 which are aligned with 
and spaced about the periphery of susceptor 16 
and are mounted to a semi-drcuiar mounting bar or 
bracket 38. Similarty. an array of radially^extending 
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susceptor-support fingers 22 are spaced circum- 
ferentially about the susceptor 16. interdigitated 
with the wafer support fingers 20, and are rnountad 
to a semi-circular bar 40 positioned just outside bar 
5 3a The arcuate mounting bars 38 and 40 are 
mounted within a generally semi-circular groove 42 
fbnned in the housing, and are actuated respec- 
tively, by vertk^ally movable elevator assemblies 44 
and 46: 

10 As shown in RG. 3. the susceptor elevator 
mechanism 44 includes a vertically movable shaft 
48 that mounts the bar 38 at the upper end thereof. 
The shaft can be moved vertically up and down by 
various moving means 56, including a pneumatic 

IS cylinder, or, preferatriy. a stepper motor operating 
via suitat>le gear drive. Wafer elevator mechanism 
46 is similar to the elevator 44. 

The operation of the wafer transport system 18 
Is summarized by the sequence depicted - 

20 schematically in RGS. 4-a In RG. 4, the external 
blade 24 (with tiie wafer 15 to be processed sup- 
ported ttiereoh) is inserted via opening 56 into 
chamber 13 to a postti*on over the susceptor 16. 
One example of a suitable blade 24 and associated 

25 robot wafer handling system (and door 25. RG. 6) 
is described in European patent application No. 
(31501000/EA2799). entitied "Multiple Chamber In- 
tegraled Process System", 

which applk^ation is hereby incorporated by 

30 reference in its entirety. In this starting position, the 
wafer fingers 20-20 are positioned between the 
susceptor 16 and the blade 24. 
Next as shown in RG. 5, the wafer elevator mecha- 
nism 44 raises the wafer-support fingers 20-20 

35 above ttie blade 24 to pkk up the wafer 15. The 
blade 24 is then withdrawn from the chamber 13. 

As shiown in FIG. 6, after retraction of tfie blade 
24. a pneumatic cylinder closes door 25 over the 
blade access slot 56 to seal chamt)er 13. The 

40 susceptor elevator mechanism 46 is actuated to 
raise the susceptor-support fingers 22 and suscep- 
tor 16 so that the susceptor 16 Ofte tiie wafer 15 
from tiie fingers 20-20 into position for processing 
in tiie area 14 immediately adjacent ttie gas dis- 

46 tribution manifold 26. The spacing, d, between the 
wafer 15 and manifold 26 is readily selected by 
adjusting the travel of tiie elevator 46. At tiie same 
time, tiie susceptor fingers 22 and elevator mount- 
ing 48 maintains the horizontal orientation of tiie 

so susceptor 18 and wafer 15 and parailefism between 
the wafer 15 and manifbtel 26 independent of the 
spacing, d. 

After processing, and referring to RG. 7. the 
susceptor elevator mechanism 46 towers the 
56 susceptor fingers 22 and the susceptor 16 to de- 
posit tiie wafer 15 on tiie wafer support fingers 20- 
20. The door 25 Is ttien opened and blade 24 is 
again Inserted into tiie chamber 13. Next, as shown 
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in RG. 8, elevator mechanism 44 lowers the wafer- 
support fingers 20-20 to deposit the wafer 15 on 
the blade 24. After the downwardly moving fingers 
20-20 clear the bladd 24. the blade is retracted, 
leaving the fingers 20 and 22 In the position shown 
In RG. 4 preparatory to another wafer insertion, 
processing and withdrawal cyde. 



C. Near-IR Radiant Heating System 30 

The radiant heating system shown In RGS, 2 
and 9 provides a reliable, efftctent and inexpensive 
means for heating the circular susceptor 16 and 
wafer 15 (e.g., sificon) In a manner that provides 
unifonn wafer temperature, accurate at)solute wafer 
temperature and rapid thermal response at tow 
temperatures, preferably S 600'' C. In achieving 
these objectives, a number of requirements must 
be met Rrst. achieving uniform wafer temperature 
requires compensating the racfiation losses at the 
edge of the vyafer* Secondly, high efficiency at low 
waf^ temperatures 600*C) requires a high em- 
Isstvity, high thermal conductivity susceptor 16 be- 
cause silicon wafers have low emissMty at low 
temperatures In the near-infrared spectrum. In ad- 
dition, near-Infrared racfiation is used to obtain fast 
heating response and for transmission through the 
inexpensive m^eriais such as quartz window 70. 
The circular thin susceptor 16 is low thenmal ca- 
pacitance for fast heating and cooling response. 
These and other objectives discussed below are 
achieved by the radiation heating system 30 shown 
in RGS. 2 and 9. 

The healing system 30 preferably comprises 
an annular array of small, inexpensive, single-end- 
ed vertically oriented lamps 58rBB which provide 
racfiation in the near-Infrared portion of the elec^ 
tromagnetic spectrum. The lamps 58*58 are moun- 
ted within an annular circular reflector module 60, 
preferably of aluminum. The module base 60 is 
formed from a biock of aluminum, and has a pol- 
ished annular reflecting channel 62 machined 
therein. The channel 62 has an arcuate, generally 
semi-circular reflecting base 64. The module 60 
and lamps 5&58 are cooled by an annular cooling 
passage 66 that is formed within tiie coUimating 
annular reflector 62. Connections are provkled for 
the inlet and outlet of cooling liquid vrhich, typi- 
cally, is chilled water from a pressurized supply. 
Power is supplied to the lamp sockete 63 and 
associated lamps 58 by an electrical supply cable 
68, typically from a variable power ripply which 
automatically varies the lamp power based upon a 
predetermined program setting that is adapted to 
the requiremente of the particular deposition pro- 
cess. 

The annularfy-collimated Dght from tiie vertical 



. oriented lamps 58-58 is admitted into the chamber 
via a quartz' window 70. Quartz is transparent to 
near-lR radiation. The transparent quartz window 
70 is mounted to the housing 13 at the bottom of 

5 the process chamber 13 using annular seals 72-72 
to provide a vacuum-tight interface between tiie 
window 70 and tiie housing. This mounting ar- 
rangement positions ttie radiant energy heating 
source 30 outside the chamber 13 at atmospheric 

10 pressure and Isolates the vacuum of tiie processing 
chamber and the particulate-sensitive processing 
tfierein from tiie lamps. A bracket 74 can be joined 
to tiie lamp mounting t>ase 60 and pivotally moun- 
ted by pivot pin 76 to a mating bracket 78. which is 

16 joined to tite housing 1^ (Altemativeiy. tiie lamp 
module can be bolted In place). As a consequence 
of this pivotal mounting of the lamp assembly 30 
external to and isolated from tiie process chamber 
13, tiie lamp assembly is readily accessible for 

20 maintenance, lamp replacement. eta» by simply 
disengaging a damp 79 to allow the assembly to 
pivot downwardly about pin 76. 

As mentioned, tiie lamps 58^ are small 
single-ended commerciaily avallat>le quartz- 

25 tungsten-hatogen lamps whfoh provkJe tiie required 
nearnnfrared radiation. One suitable lamp is the 
Ansi type "HEL" supplied by Sylvania. Q.E., Ushio 
or Phillips. Presentiy. fourteen 0.5 to 1 kilowatt 
quartz-timgsten-hafogen lamps ttiat provide a 

00 wavelengtti of about 0.9 to 1.5 micron provide an - 
annulariy-cdllimated power density of up to about 
94 W/cm2 at tiie top of tiie lamp module. The 
maximum power density at tiie susceptor 
(substantially directed to tiie outer - 1.5 in. radius 

35 of a 6 in. diameter susceptor) Is - 17 W/cm* taking 
all effldency into account (- 15-16% effteiency). 
More generally, lamps concentrating ttieir radiation 
in tiie ran^ of about 0.7 to 2.5 mtorons wavetengtti 
would be particulariy useful. The aluminum base 60 

40 and concave-tsottom, annular groove 62 provide a 
high coflection-effidency coillmating reflector which 
directs a higher radiation power density at tiie 
susceptor edge than at tiie middte. This nornmi- 
form. concentrated radiation heate tiie susceptor 

45 wafer drcumferentially. which compensates tiie wa- 
f^ edge heat losses and. tiius. provides uniform 
water temperature over a wide range of chamber 
gas pressures and water temperatures. 

In short, the desired uniform radiant wafer heat- 
so Ing is provkied by small, inexpensive lamps moun- 
ted ki a compact simpte aluminum modute 60 ttiat 
is easily cooled and maintained at a low tempera- 
ture, and does not require plating, in addition, the 
use of the near-IR lamps and a tiiin. low mass, low 

55 tiiennal capadty. high emissivity susceptor of ma- 
terial such as graphite, provides maximum effl- 
dency, fast thermal response, excellent tempera- 
ture uniformity and transmission tiirough the quartz 
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window 70. Other $usceptor materials include arv 
odized aiuminum. graphite coated with layers such 
as aluminum oxide (AfaOi), or silicon cart}ide. or a 
composite ceramic coated with AkQs or SiC or 
other materials. Also, interchangeable modules 60 
having channels of different heights or diameters 
can be used to accommodate (fifferent susceptor 
and wafer diameters. A present version of the reac* 
tor is designed for 5-6 in. wafers. However, dif- 
ferent lamp modules can be provided for smaller or 
larger diameter wafers by changing the module 
height and/or the radius of the module and the 
filament drcle. RnaJly, the heating system 30 may 
employ a controller (not shown) such as a closed 
loop temperature control system using phase angle 
power control to provide rapid thenmal response 
and rapid wafer temperature stabifity. 

It should be noted that the simplicity, low mass 
and high perfonmance characteristics of the heating 
system 30 are in contrast to prior wafer heating 
approaches which typically use a rectangular array 
of double-ended quartz-tungsten-haiogen lamps. 
Conventional radiation heating practice has been to 
use a mora massive susceptor and. If excellent 
temperature uniformity is requred, to merely t>lock 
radiation from the wafer center, thus sacrlfldng 
efficiency, rather than redirecting radiation. The ad- 
vantages of the radiant heating system 30 over the 
conventional practices include in addition to the 
aforementioned uniform wafer temperature and 
much faster re^nse time (both heating and cool- 
ing), smaller, less bulky more easily maintained 
equipment of higher reliability (long lamp lifetime); 
more efficient operation; and lower cost 

The use of the easily accessible, external ra* 
diant heat source 30 is facilitated and maintained 
by a gas purge system. As described in the suc- 
ceeding section, this system directs purge gas flow 
across the vacuum side of the quartz window 70 to 
prevent deposition on the window and keep the 
window clean. Thus, the purge is a major contribu- 
tor to lamp effteiency. This increases the number of 
process cycles between cleaning and, as a result, 
decreases the associated system downtime re* 
quired for cleaning. . 



D. Manifold ^ and Associated Distribution 
System 

The gas distribution system 32 is stmctured to 
provide a unique combination of at least four struc- 
tural features. RrsL the gas manlfoki 26 is one-half 
(the powered half) of an electrode pair. The power- 
ed manifold 26 provides high power. Second, the 
gas manifokl 26 and other gas distnlHition surfaces 
are temperature controlled, which contributes to 
untfonm deposition on the wafer 15 and prevents 



gas decomposttlon. deposition or condensation 
within the gas distrit)ution system upstream from 
the plasma processing area 14 despite the use of 
reactant gases such as TEOS which condenses at 

5 - 35"C and decomposes or reacts with ozone at - 
^''C. The external manifold temperature is con- 
trolled. e.g., to >100*C, to prevent the deposition 
of flaky, particulate-causing deposits. Third, the gas 
manifold 26 and gas distribution system 32 provide 

10 a clean, unifomn deposition process. Fburtii, the 
incorporated circumferential purging gas flow pre- 
vents deposition outsHje of the gas cfistritMjtion 
area, i.e.. outside the wafer on the internal chamt>er 
surfaces and gas distribution system surfaces. 

15 The above features of gas distribution system 
32 are depicted most clearly In tiie FIG. 2 vertical' 
section view and tiie FIG. 10 enlarged vertical 
section view. The gas manifold 26 and associated 
distribution system are part of the housing cover 

20 80, wfifch Is plvotably mounted to the housing 12 
by pivot means (not shown) to fadiitate access: to 
the interior of ttie housing, including chamber 13. 
plasma process chamber 14. and associated inter- 
nal components of the wafer and susceptor eleva- 

2S tor mechailsms (44,46). 

The process gas flow from the feed-ttirough 36 
is directed into the cover &Q by inlet bore 88 which 
communk:ates with, tiiat is, feeds into, gas mani- 
fold chamber 90 formed by the apertured manifold 

30 Utce plate 92. A unk:(ueiy designed baffle plate 94 
is mounted wrtiiin the gas manifold chamber 90 by 
means such as standoffs (not shown) to route the 
process gas around the outside of tiie edge of tiie 
kiaffle 94 and then radially inwardly atong the bot- 

35 tom of the baffle and out of the apertures 96-96 In 
tiie manifold plate into tiie plasma processing re- 
gion 14 above wafer 15. 

The cover 80, including tiie manifold 26 ttiere- 
of. is heated (or cooled) by an Internal ftow of fhikl 

40 or liquid such as de-ionized water atong internal 
path 81 defined by inlet channel 82. annular chan- 
nel 84 and outiet channel 86. Preferably, this fk3w 
keeps the face plate 92 within the range i00*C • 
20O''C, in order to ensure tiiat any deposition on 

46 the face of the gas manHbkJ which is exposed to 
the plasma is a hard film. A poor film formed on 
this surface can create particulates and tiiis must 
be avoided. Also,, the ffow preferably holds ttaffie 
94 within ttie range, most preferably within 35*C- 

50 65°C, to prevent internal depo^'on or condensa- 
tion of low vapor pressure process gases such as 
TEOS and to prevent decomposition and reactions 
of gases such as TEOS and ozone. Please note, 
such deposition is directiy proportional to time, 

55 temperature (t.T). Thus, the very small gap "d" of 
about 0.1 to 02 inches between tiie plates 94 and 
92 also decreases any tendency to intemal deposi- 
tion. 
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As an example, in one process application In- 
volving the deposition of silicon dioxide, oxygen, 
TEOS and a canier gas am inlet from manifold 26 
to the chaml^er 14 at chamtser pres^ro of 0.5-200 
ton- to fonm a reactant species for deposition. Wa- 
for 15 is heated to STS'^C, and hot deHonized water 
(water temperature 40'*C to eS^'C) is inlet along 
path 81 at an adequate flow to keep plate 92 at < 
6S'*C. to prevent condensation of the TEOS, and to 
keep plate 94 >100''C. (De-Ionized water is used 
because the manifokl 26 is the RF powered cath- 
ode and de-ionlzed water Is a non-conductor.) 
More generally, the inlet temperature of the water 
is selected as required for a particular depositkxi 
process and Ns associated gas chemistry and/or 
parameters in order to maintain tX3lh the internal 
surfaces and the external surfaces of the gas txsx 

90 at desired temperatures. 

To reiterate, the process gas flow is afong path 

91 defined through inlet bore 88, into manifokl 
chamber 90. radially outwardly to the edge of baffle 
94 and around the baffle periphery to the bottom 
thereof, then racfialty inwardly between the baffle 
94 and the manifold plate 96 and out holes 9S^ 
into the plasma processing region 14 above the 
wafer 15. The flow path of the deposition gas 
emerging from holes 96-96 is generally radially 
outwardly across the wafer. 

In addition, the smail volume of the vacuum 
process chamt)er 14 and the high useful chamber 
pressure range of about 0.5 tonr to near-atmo- 
spheric pressure also contribute to the tendency to 
provide a uniform flow radially outward from the 
center of the wafer 15 with uniform deposition on 
the wafer and purging without deposition other than 
on the wafer. 

The manifokj holes 96-96 are designed to pro- 
mote this unfformity of deposition. The holes (as 
well as the manifold temperature, discussed 
above) are also designed to avoid the fbrmatfon of 
deposits on the manifold outer (bottom) sur^K^ 97 
and, in particular, to prevent the deposition of soft 
deposits on surface 97 which coukj flake off and 
drop onto the wafer during and after processing. 
Briefly, the hole array Is one of generally concen- 
tric rings of holes 96-96. The distances between 
adjacent rings (ring-to-ring spadngs) are approxi- 
mately equal, and the hoMc>4iole spacing within 
each ring Is approximately equal. However, the 
patterns are angulariy staggered so that no more 
than two adjacent holes (or some other selected 
number) are afigned radially. That is, the holes in 
the gas distributton plate 92 are equally spaced on 
circles so ttie hole tocatioris do not form radial 
straight Dnes, thereby substantially decree^ de- 
position on the gas (fistritnition plate itself and 
enatriing uniform gas flow and deposition on the 
wafer. 



The hole length through the manifold 92. i.e.. 
the thickness of the manifold plate 92. and the 
transverse hole diameter are also selected to pn>- 
mote uniform depositton. Increasing/decreasing the 

5 hole length has the effect of decreasing the deposi- 
tion thickness inside-out/butslde-ln. as does 
increasing/decreasing the hole diameter. 

In a presently used configuration, approxfmate- 
fy 3400 holes 96-96 are used. The hole length is 

70 0.100 to 01.150 in., the hole diameter is 0.028 to 
0.035 In. and the radially asymmetric holes are 
k)cated on approximately 0.090 in. centers. These 
dimensions and the associated configuration pro- 
vide a uniform flow pattern and substantially de- 

75 crease depositton on the manifokl plate 92. The 
present - 6 in. manifold diameter will accommo- 
date wafer diameters as large as *6 in. t.arger 
wafers can be processed by changing to a larger 
manifokj 26. susceptor 16. larger diameter suscep- 

20 tor 16 and wafer support finger anrays. and by 
altering the tamp module 30 as described pre- 
viously. 

Refening further to RG. 10. as indicated by the 
anrows 93. 95. 97 a first upper purge gas flow path 

25 is provkied in cover 80 and manifoki 26. That is. 
'puige gas fkiw from the RF/gas feed-through 36 is 
routed Into inlet bore 98 in cover 80 (anrow 93) 
which feeds Into radial channels or grooves 100 
that in tum feed Into an annular groove 102 formed 

30 . In the cover concentric with and just above and 
outskle the manifold chamber 90 (anrow 95). A ring 
flow turner 104 is mounted concentrically within 
manifold piato rim 105 and fonns a peripheral 
channel 106 at the Inside of the manifold rim that 

35 connects the annular channel 102 to the three outor 
rows of apertures 108 in the manifold plate 92. 

As shown in FIQ. 11, the purge holes 108-108 
are arranged similarly to the process gas holes 
106-106 in generally concentric rings that are 

40 spaced at appr«3ximately equal ring-to^ng dis- 
tances. The wrthin-ring hole spacing is selected so 
that the locations of the purge holes 108-108 form 
staggered radial lines, i.e.. so that no two adjacent 
purge holes are along the radial line. For the 

4S above-described exemplary manlfokf, the gas Is 
distributed from about 600 holes and the following 
purge hole cSmensfons are used: t)6tween-ring 
spacing 0.090 In.; hole diameter 0.0^ in.; and hole 
length 0.040 in. 

60 Refom'ng to RG. 2. a second, lower purge flow 
path 101, 103. 105 is provided via inlet bore 110. 
fonmed in the skle of the housing 12, which con- 
nects or feeds into an annular channel 112 formed 
generally concentrically about fhe tower section of 

55 the process chamber 13 just above the quartz 
window 70. The channel 112 has holes that are 
spaced about the lower region of the chamber 13 
or equh^alent yiekfing feature to faed the tower 
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purge gas uniformly across the quartz window 70 
(see anows 103), around the lower edge of the 
wafer IS (arrows 10S) and across horizontal quartz 
cover plate 114, which sunrounds tfie chamber 13 
just Ijelow the wafer processing chamber 14. Refer- s 
ring also to RQ. 1. the plate 114 contains an 
annular pattern of hdes 116 therein which are 
aligned with an annular gas outlet channel 118. 
This channel is connected via outlet bore 121 to a 
conventional vacuum pumping system (not shown), io 
which establishes the vacuum within the chamber 
and exhausts the spent gases and entrained gas 
products from the chamber. 

As mentioned (see RG.10). the upper purge 
gas flow is through inlet 98 (arrow 83). channels is 
100, 102 and 108 (annow 95). then out purge ring 
apertures 108-108 (arrow 93) at the outer upper 
edge of the process-positioned wafer 15. Simulta- 
neously (see RQ. 2). the lower purge gas flow is 
through inlet 110 (anow 101) and annular ring 112 so 
across the quartz window 70, sweeping the window 
clean (arrow 103). then upwardly toward the lower 
peripheral bottom edge of the wafer' 15 (arrow 
105). Refening to RG. 10, the upper and lower gas 
purge flows 97 and 105 merge at the wafer's edge 2S 
and flow outwardly as indicated by arrow 107 
across the plate 114 and through the holes 116 
therein into the annular exhaust channel 118 and 
out of the chamber along path 109 (RQ. 2). This 
upper and lower, merging flow pattern not only so 
keeps the quartz winctow 70 clean, but also sweeps 
spent deposition gases, entrained particulates, etc.. 
out of the chamber 13. The combination of the 
dual, upper and lower purge flows which are con- 
fomned to the inner quartz window chamber sur- 35 
faces and to the circumferential wafer edge and the 
very high chamt)er pressures (unusually high for 
PECVD) provide a very ^fective purge and prevent 
deposition external to the wafer. 

Equally important uniform gas flow is provided 4o 
across the wafer 15 by the muitiplictty of holes 
116-116. illustratively five in number, which are 
formed in the distributor plate 114 peripherally ar- 
ound the wafer 15. These holes 116 communicate 
into the larger semi-drcular exhaust channel 118 45 
which, in turn, is connected to the vacuum exhaust 
pumping system via the single outlet connection 
121. The channel 118 has large conductance rela^ 
tive to the holes 116-116 because of its relatively 
very large volume, which provides uniform pump- so 
ing at ail points radially from the wafer, with the 
simplicity of a single point pump connection. In 
combination with the uniform gas glow distribution 
inlet pattern provided by manifold 26, this uniform 
radial pumping provides unifdnn gas flow across 55 
the wafer 15 at all pressures and, thus, unifbrm 
deposition even at very high chamber pressures 
such as 200 tonr and above. 



Also, the manifold 26 is usable as an electrode 
for a uniform glow discharge plasma at unusually 
Tiigh pressures, which enables both the very high 
deposition rate and the fffocth/e purge flow. 



£ AntirElectrical Breai<down Gas Feed-Through 36 

• As mentioned, the advantages of using the gas 
box 26 as the powered RF electrode include the 
wafer residing on the grounded counter electrode, 
which makes possible a high degree of plasma 
confinement that would not be achievable if the RF 
energy was applied to tfie wafer and the gas box 
was grounded. Additionally, the hardware is me- 
chanically and electrically simpler since electrical 
isolation between wafor/susceptor and chamber Is 
not required (or permitted). Temperature measure- 
ment and control of the susceptor/wafer in the 
presence of high frequency electric and magnetfo 
fields is greatly simplified with the susceptor 
grounded. 

However, applying high power, high frequency, 
large potential RF energy to a conventional gas 
distrfbutfon system and. In particular, across a short 
distance l)etween metallic gas tubing and gas 
manifokl normally would cause premature electrical 
breakdown of the process gas within the distribu- 
tion system upstream of the plasma processing 
chamber. In other words. In conventional systems 
the RF voltage would create a plasma within the 
distribution syst^, which would cause unwanted 
deposttlbn of the process gas on the internal sur- 
faces of the gas distribution system. 

Our combinatton RF/gas feed-through 36 (RG. 
12) is designed to apply RF power to the gas box 
26. that is, to use the gas box as the powered RF 
electrode, without breaicdown of the process gas 
and without deposition within the gas dlstritxjtion 
system. 

Also, consistent with one of the overall ot)jec- 
tives of achieving a small, compact CVD reactor, 
the RF^gas f^ed-through 36 is of a compact, low 
profile design, despite our design objective that the 
high RF potential be applied parallel to the gas flow 
path to yield a constartt voltage gradl^ over a 
distance to eliminate the high Uxai electric field 
which causes electrical t>reakdown. 

It should be mentioned that prior gas feed- 
throughs are incapable of achieving the above ob- 
jectives. Two such prior art approaches are known 
to us. The first approach flows the gas within an 
insulating tube between surfoces that are at a high 
electric potential difforence. A second approach 
flows the process gas through an insulator between 
the surfaces of high electric potential difference at 
sufficiently high gas pressure so that electrical 
breakdown does not occur. The first approach is 
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not compact and does not work at high fraquen- 
cies. where electrical breatolown Is more effident 
(see, e.g., cun/e 201 and 200. FIQ. 14). Also. tWs 
first approach is not capable of operation where 
there is a smalt p«d (pre$sure«distance) product. 
The second approach is more compact than the 
first and less susceptible to electrical breakdown at 
high frequencies, but is also subject to electrical 
breakdown where there Is a small pre- 
ssure«distance product 

Refenring now to FIG. 2 and, primarily, to RG. 
12. the feed-through 36 comprises an inlet end 
connector or manifold 120. an outlet end connector 
or manifokl 122 and an intermediate gas feed 
structure 124 comprising a quartz tut)e 126 and an 
elongated insulating transition housing 12a The 
block 128 is mounted to and between the end 
connectors 120 and 122 using 0-ring seals 130- 
130 to provide vacuum^ight mounting. The internal 
bore 127 of the quartz tube 126 communicates with 
gas inlet bore 134 in the inlet end connector and 
gas outlet bore 138 in the outlet end connector. 

Process gases and purge gas under pressure 
from sources such as an ozone generator, a Gquki- 
TEOS vaporizer, and conventional pressurized gas 
tanks or bottles are routed through conventksnal 
valves or an automatic ftow control system for 
controlled flow rate appllcatton to the inlet manifokl 
120. 

As indfcated by arrows 131-135, process gas is 
routed through the feed-through device 36 via the 
Inlet bore 134 and through the quartz tube 126 and 
out the outlet bore 136 and into the mating inlet 
bore 88 in the gas distribution head 32. Please 
note, the feed-through is shown enlarged in RG. 12 
to facilitate -illustration. The actual feed-through 36 
is of a size so that the gas outtets 136 and 146 are 
aligned with the mating channels or bores 88 and 
98 in the reactor cover 80. 

The purge gases are routed through the feed- 
through co-axially with the process gas ftow path 
so that If there is a leak atong the process gas path 
131-133-135, the process gas Is harmlessly trans- 
ported Into the process chambo' 14 along with the 
purge gas and, thus, does net escape into the 
amt>ient. 

The Incoming purge gas Is applied to inlet bore 
138 in the inlet end connector 120. Bore 138 com- 
municates with an annular channel 139 fbnmed in 
the spool-shaped fitting 140 which is mounted near 
the inlet end of the quartz tube 126. This spool 
fitting 140 is sealed at the outer end thereof by 
cylindrical flange fitting 142 and 0-ring seal 144. 
The armular channel 139 communicates via holes 
(not shown) with the annular passage 147 between 
the tube 126 and concentric block passage 147 
between the tube 126 and concentric block 12a 
The passageway 147 feeds similarly Into annular 



chamber 139 in fitting 140 at the outlet end of the 
tube 126. The tube 126 is mounted and sealed at 
the outlet In the same way described above relative 
to its inlet end. At the outlet end. chamber 139 
5 feeds into the outlet bore 136. This an-angement 
provkJes an isolated purge gas flow path through 
the feed-through 36, as indicated by arrows'l4d- 
156. 

• The co-axial gas feed apparatus described 

10 above provides a dual barrier which prevents the 
leakage of potentially toxic process gases into the 
atmosphere. That is. the path to the ambient be- 
tween mating surfaces is banred by the two sets of 
O-ring seals 130 and 144. These seals are posi- 

T5 tioned in series afeng ttte potential patti to the 
ambient Also, as mentioned, in tiie event of inter- 
nal system leaks such as a leak in ti^e quartz tube 
126. ttie purge gas flow carries tiie process gas 
Into the process chamber 14. where botii are ex- 

20 hausted by tiie chamber vacuum system. In addi- 
tion, tiie process and purge gases are routed en- 
tirely through tiie chamber components, Le., 
ttirough substantial blocks/bodies such as the alu- 
minum connectors 120 and 122 and the insulator 

25 block 128. Consequentiy. external, typically flexi- 
ble, gas tubing is eilminated at the reactor. The 
very solid, secure routing fixtures, the dual seal 
t)arriers. and the co-axial gas flow in which the 
purge* gas flow sunrounds the process gas flow, 

30 provide a safe, secure process gas flow path in ttie 
reactor and feed-through device. 

As shown in RQ. 12, tfie inlet end connector 
120 is connected to ground. The outiet end con- 
nector 122 is connected to tiie RF power supply 

35 128 and connects ttie RF energy to ttie cover 80 
and manifold plate 92. A constant electric potential 
gradient Is provided ak)ng ttie column of process 
gas flow t)etween tiie grounded connector 120 aid 
the driven connector 122 t>y provkiing one of three 

40 types of constant voltage gradfent elements along 
the surface of the quartz insulating tube 26: a radio 
frequency cdl whk:h provides resistive. Inductive, 
or capadtive (effective) impedance; a resistive film: 
or a resistive sleeve. 

45 As shown schematically in RG. 13A, tiie RF 
coil 160 is a wire coil ttiat is wound around the • 
quartz gas tube 26 between ttie ends ttiereof and 
ttie high voltage which is applied across the tube 
lengtti. Preferably, ttie wire coil 160 is of No. 24 to 

50 No. 26 AWG aluminum wire. The desired electrical 
impedance at ttie frequency of operation is ob- 
tained by selecting the wire material, diameter, 
number of turns per unit length, length and the 
winding technique. This A.C. impedance can be 

55 selected to have a net inductive/resistive Imped- 
ance or a net capacitive/re^stive impedance or to 
be purely resistive (resonant). The A.C. and D.C. 
resistance can be selected (using wire diameter. 



12 



21 



0272140 



22 



length, and materiaO. A typical appHcatlon has a 
high inductiva reactance but is a D.C. short For a 
radio frequency driven system of 13.56 MHz, typi- 
cal values for the Inductance of an RF coii-type 
feed-through are approximately 10-15 microHen- 
ries. For the resistive film or sleeve feed-through, a 
resistance of 100 to 500 Kbhms is typical. 

Alternatively, as shown in RG. 13B, a resistive 
film 162 of material of controlled electrical resistiv- 
ity and thickness, such as Acheson "Aerodag G" (a 
colloidal suspension of micron size graphite par- 
ticles in an isopropyl alcohol dispersing medium), 
is coated on the outside of the quartz tsbe 126 to 
provide the desired resistive impedance and allow 
broad band (frequency) operation. 

The thlnj alternative shown in FIG. 13C uses a 
solid resistive sleeve 164 of a material such as a 
composite ceramic of controlled electrical resistiv- 
ity, to provide the desired electrical resistive im- 
pedance and broad band frequency operation. 

Still another alternative, a variant of the solid 
resistive sleeve 164. uses a sleeve of material 
which is fennomagnetic wHh very high penneabiiity 
at tile frequency of interest^ and has controlled 
electrical resistivity. Operation is fhe same as for 
the resistive sleeve 164, with this added advantage. 
Should t>reakdown occur under severe conditions, 
the presence of magnetic material and initially high 
current and resulting high magnetic field produces 
a very large inductive reactance to charge flux 
(current), which very quickly reduces then extirh 
guishes electrical conduction in the process gas. 

RG. 14 illustrates representative bench test 
data for a quartz tut>e without a constant voltage 
gradient device of voltage breakdown In kilovolts as 
a function of pressure, in torr at t>otti low (100 kHz) 
and high (13.56 MHz) radio frequencies. As 
dicated. for the pressure range of 5-20 torr. the 
breakdown range was 3 to 7 kV for tiie low radk> 
frequency and approximately 2 to 5 kV for the high 
radk) frequency. 

RG. 15 illustrates bench test data of break- 
down voltage as a function of pressure for TuIm A, 
a tut)e of length 10.5 cm and diameter 0.6 cm 
wittiout a constant voltage gracfient device, and 
Tube B, the same tube witii a constant voltage 
gradient device of ttie wire coil type 160. consisting 
of 160 turns of t26 AWG wire. Tube C was tiie 
same as tube B, except for having a greater lengtti, 
13.4 cm. This ilkistrates that the RF/gas feed- 
through 36 is very effective in preventing break- 
down and sut)sequent deposition of process gases 
under actual reactor operating conditions. In fact 
typically tiie reactor system 10 will be used at 
pressures of up to 200 tonr and above, at whteh 
values the breakdown voltages will be much higher 
than tiiose depk:tad in-RG. 14. 

In short, the anti-electrical breakdown gas feed- 



ttirough 36 of tiie present invention provides a 
constant voltage gradient along tiie process gas 
flow column, wittiout charge build-up. In addition, 
ttie feed-tiirough 36 is designed to incorporate re- 

5 sistive, inductive or capacttive electrical impedance 
l)etween ttie high potential difference ground and 
driven surfaces. The choice of impedance depends 
upon the electrical requirements of the system, i.e.. 
low frequency, high frequency, wide band. d.c. 

10 operation, etc. This constant electrical potential 
gradient effectively prevents premature breakdown 
and deposition within ttie gas distribution system 
32 and feed-ttirough 36 at high or k>w radio fre- 
quencies. In addition, ttie stnicture of the feed- 

is tiirough 36 including the co-axial gas feed (ttie 
purge gas flow outskie ttie quartz tube and tiie 
process gas flow inside the quartz tube) Is highly 
resistant to process gas leaks and purges any 
process gas leaks into the system exhaust 

20 Rnally. it shouM be mentioned ttiat temperar* 
ture controlled water can be flowed through chan- 
nels (not shown) In the feed-ttirough device 36 
isolated from process and purge channels to (heat 
or cool) control the temperature of the gas in the 

2S feed-ttirough. In a typical application which uses 
gases such as ozone or TEOS, it is important that 
tiie gas temperature be controlled so that, for ex- 
ample, condensation (feed-ttirough too coki), de- 
composition (too hot), or chemical reaction (too 

30 hot) do not occur within the tut^e. Any of the atx>ve 
occurring Inside the gas feed-through device could 
severely affect the desired process. Additionally, If 
ttie gases reacted Inskie ttie quartz tube, deposi- 
tion couki occur Inskie ttie tube. 

05 

F. Summary of Certain Key Features 

1. Uniform Wafer Heating 

Our reactor uses a tailored non-uniform near-IR 
radiant heating pattern and a thin, tow mass high 
emissivity susceptor to provide thermal efficiency, 
fast thermal response (heating and cooling), ex- 
45 cellent temperature uniformity despite the inherent 
non-unMbrm heat losses of thin circular wafers, and 
good transmisston through a chamber window of 
quartz or the like (whtoh peonite external mounting 
of tine radiant heating module). 

50 

2. Gas Distribution System 

The RF powered gas manrfoM 26 provides the 
55 necessary high power to enable confinement of the 
plasma. Also, ttie unlfbnm gas Inlet fkiw pattern 
provided by ttie gas manifbkl and radial exhaust 
pumping provide uniform gas inlet and exhaust 
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(purge) pumping and uniform radially gas flow 
across the wafer. enabCng unHbrm processing 
(deposition/etching) over a wide pressure regime 
including very high pressures. The radial pumping 
and high pressure capability provide confinement 
of the plasma/reactant species to the wafer and: in 
enabling effecth^ purging, prevent deposition with- 
in the chamber except on the wafer. The precisely 
temperature-controlled internal and extemal sur* 
feces of the gas manifold prevent decomposition, 
reactions, condensation, etc., within the gas box 
and eliminate undesirable particulate-generating 
deposits on the extemal gas box surfaces. i=br 
example, temperature controlled water » circulated 
within the gas box to maintain the temperature 
between about 35''C-75'*C to pravent internal de- 
position or condensation of TEOS below about 
35*^0 and to prevent internal decomposition of or 
reacdon between ozone and TEOS above about 
70"C. and to maintain the external ^doa of the gas 
manifold greater than about 100'C to prevent flaky 
extemal deposits. 



Sy Gas Feed^Through 

The gas feed-through provides the enables the 
application of high voltage RF power to the gas 
box. as well as the application of purge gas and 
process gas to the gas box, without gas break- 
down. 



4. Wafer Transport System 

A one-axis robcft susceptor/Wafer support and 
transport system is adapted to toad and unfoad 
wafers at a selected petition witMn the chamber 
onto and from an extemal rotx)t blade. This trans- 
port system provides variable parallel dose-spac- 
ing between the susceptor^vafer and the overlying 
gas manifold arul provkfes variable spacing by 
simply selecting the vertical travel of the asso- 
ciated susceptor support fingers and susceptor ele- 
vator mechanism. The parallelism increases plas- 
ma stability and uniformity by eliminating the terh 
dency to run to one skfe or the other and. thus, 
enables uniform processing (deposition and etch- 
ing). The variable close spacing of the distance, d, 
between the outer face of the gas manifokl and the 
wafer surface fadlitato the implementation of dif- 
ferent types of process. Also, the spacing can be 
set at a very small variai^e dimension such as. for 
example, one centimeter, 0.5 centimeter and even 
smaller, to enabfe confinement of the plasma 
and/or gaseous reactants between the gas cBslribu- 
tor and the wafer. This confinement Increases the 



reaction efficiency and increases the rale of the 
reactfon (deposition or etching) and helps prevent 
deposition everywhere except on the wafer, and 
even at very high pressures. 

5 

5. Wide Pressure Range, High Pressure Regime 

* High pressure capability results from a number 
70 of the above-summarized factors including unifonm 
radial pumping, the uniform gas flow provided by 
the gas manifold, the confinement provided by the 
variable close spacing between the electrodes and 
the application of high power density RF power to 
16 ttie gas manifold. 

Q. Relevance of Features to Multipte Process Ca- 
pability 

20 

The afx>ve key features can be summarized as 
follows: (a) Wide pressure, high pressure reginie: 
(b) Temperature uniformity of susceptor wafen (c) 
Unifomn ftow cfistribution; (d) Variable close spacing 

2s of electrodes (inlet gas manifold and susceptor) 
with parallelism; and (e) Temperature control of 
intomal/extomal gas inlet manifokl surfeces. 

Typk:ally, at least several of these features are 
very important to each type of processing for which 

30 our reactor has been used. These l»y features are 
sununarized below on a process-by-process basis. 



1. Thenmal Chemical Vapor Deposition 

35 

(a) Wide pressure, high pressure regime^ 

(b) Temperatore uniformity of 
susceptorywafer. 

(c) Unifbrm ftow distritxition. 

40 (d) Variable ctose spacing of electrodes. 

(e) Temperature control of intemal/extemal 
gas inlet manifokl surfaces, espedally where unsta- 
bfe gases such as TEOS and ozone are used. 

4S 

2- Rasma-Enhanced CVD 

(a) Wide pressure, high pressure regime, 
(c) Uniform ftow distribution. 
50 (d) Variable close spacing of electrodes with 

parailelim. 

(e) Temperatore control of intemalfextomal 
gas Inlet manifold surfaces. 

Temperature control of tha gds bbx external 
ss surface to >100''C is important to prevent the de- 
position of porous parttoulate causing films. 

High pressure operation increases ion »:atter- 
ing, which decreases bombardment of and damage 
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to the wafer and enhances step coverage. This, 
because high pressure operation dilutes the con- 
centration of the gas molecules to the point where 
they do not react at a sufficient rate to cause 
particles/unwanted deposition on surfaces. The 
high pressure capability and associated decreased 
bombardment enables one to decrease the bom- 
bardment level for a given power/voltage and reac* 
tion rate or, altemativeiy. to use higher 
power/voltage to obtain a higher reaction rate for a 
given bombardment level Unifomi flow distribution 
Is also critical, particularly at the close spadng of 
less than one centimeter used in our reactor, tse* 
cause it confines the plasma and thus enhances 
clean operation. The ability to adjust the electrode 
spacing with paralieiism permits the use of the 
dose spadng with the plasma stabifity necessary 
for deposition. 



3. Piasma-Asslsted Elcht)ack 

(a) Wide pressure, high pressure regime. 

(d) Variable dose spadng of electrodes. 
The variable large spadng in combination with 
the high pressure capability penmits effective etdv- 
back. The variable spadng between electrodes is 
very important because it would be impossible to 
optimize the etch and other processes without 
varying the electrode spadng used for deposition. 
f=br example, a typical spadng of <1 cm is used 
for thermal CVD and PECVO while the etchback 
requires a spadng of «0.4 in. or 1 cm. 



4. Reactor Seif Clean 

(a) Wide pressure regime. 

(b) Variable close spadng of electrodes (inlet 
gas manifold and susceptor) with parallelism. 

The variat)le spadng in comtHnab'on with vari- 
able pressure pemiits effective reactor self-clean- 
Ing. Here, the required spadng, d, « 0.4 In. or 1 
cm. Is larger than that required for, e.g., thermal 
CVD and PECVD. The relatively larger spacing and 
wide pressure regime pennnits the plasma to diffuse 
within the reactor (rather than being confined as 
required for the deposition processes) and dean 
the entire reactor. A typical setf-deaning sequence 
uses RF power of 500 watts, gas NF3 or other 
fluorine containing chemistry at flow rates typically 
of 0.1 sIm, pressure of 0.5 torr, and d ''0.4 in., and 
has provided ebb rates of «0.5 micron/sum. 



5. Sputtsrinq Topography Modification 

(a) Wide pressure, high pressure regime. 

(b) Variable close spadng of electrodes (Inlet 
5 gas manifold and susceptor) with paraileltsm. 

Here, the high pressure capability combined 
with 02 In. spadng as well as the ability to apply 
RF power to the gas box at high power levels 
penmits sputtering of materials such as oxide or 

10 other drelectrics using gas chemistry such as ar- 
gon or other heavy molecule gas chemistry such 
as SICI4. A typical sputtering process Involves ap- 
plication of RF power of 700 watts, gas flow rates 
0.1 sIm, pressure of 10 mi electrode spadng. d. of 

IS 0.2 in. to 0.5 in. 



II. Multiple Step >n-$itu Planarization Process and 
Steps 

20 

The processing steps and multiple step pro- 
cessing sequences descrit)ed here were performed 
in the reactor 10. The ability to perfbnm multiple 
step processing using temperature sensitive gases 

2S sucH as ozone and TEOS and different steps such 
as OJD, PECVD. etching, and self-cleaning in-situ 
qualifies the reactor 10 as being uniquely pre- 
ferred. However, the process disclosure here will 
permit those of usual skill in the art to practice the 

30 process sequences albeit in single process, dedi- 
cated reactors and to adapt such reactors. e.g, to 
the use of the process. 



35 A. Low Temt>erature TTiermal CVD of Conformal 
SiOz 

The thermal chemical vapor deposition of high- 
ly confonnnal silicon dioxide is an improvement of 
40 methods which use the pyrdysis of TEOS and 
oxygen. The present thermal O/D invention is 
based in part upon the discovery that improved 
highly confonnal (-'100%) silteon dioxide coatings 
are fbnmed by the thenmal chemteal vapor deposi- 
ts tion of the reactants TEOS and ozone at felativety 
tow temperatures, using lamp radiant heating to 
provide a wafer temperature of about 200*C - 
500^C, and higfi pressures. The ozone lowers the 
activatton energy of the reaction kinetics and forms 
50 silfoon dioxide with the TEOS at the relatively low 
temperatures of about 200'*C to SOO^'C. A commer- 
dally available high pressure, corona discharge 
ozone generator is used to supply a mixture of (4* 
8) weight percent ozone in oxygen to the gas 
56 distritxjtor. Helium carrier gas is bubbled through 
lk|uid TEOS to vaporize the TEOS and supply the 
diluted gaseous TEOS in the He canier to the gas 
distritmtor. 
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Irv particular, the thermai chemical vapor depo- 
sition process uses the reactants ozone (Qd, oxy- 
gen and tetraethylorttiosilicate (TEOS) at a low 
temperature witfiin the range of about 200"C- 
500"C and at a high pressure within the range of 
about 10-200 tonr and. prefierably about 40-120 torr. 
to deposit a highly confbnnal ^licon dkDdde coat- 
ing that fills in the va'ds. cusps and other topo- 
graphical inregulartties and thereby provide a sub- 
stantially planar surface. In tiie presentiy prefenred 
embodiment tiie ozone is applied at a flow rale of 
a to 3 sIm, tiie helium carrier gas flow rate is 50 
seem to 1.5 sIm. ttie chamber pressure is 40 to 
120 torr and the wafer temperature is dTS'^C t 
20^*0. ttiereby providing a Kghly oonlbmiat un- 
doped siHcon dioxide coating at a deposition rate of 
3,000 Angstroms/min. 

As mentioned, tiie gas distribution manifold 
(gas distributor 26) of tiie reactor 10 is controlled 
by de^onlzed water of temperature 20-50*'C cir- 
culating in passages therein to maintain the internal 
surface of the gas distributor 26 wittiln ttie nanrow 
range of about 35*075»C, i.e.. at a temperature of 
less ttian about 75*C to prevent decomposition of 
tiie TEOS and reaction between ttie TEOS and 
ozone and above 35*^0 to prevent condensation of 
« tiie TEOS inside the gas distributor. 

The distance, d. from ttie temperature-con- 
trolled gas dIstrilHJtor to the surface of tfie sub- 
strate is preferably approximately one centimeter 
or less. This distance of one centimeter or less 
confines the plasma or gaseous reactants between 
tfie gas distribution 26 and the wafer 15. This 
Increases the reaction efficiency, and increases the 
rate of tiie reaction (deposition) and helps to pre- 
vent deposition everywhere except on the wafer. 

The ttienm'al CVD process of tiie present inven- 
tion uses unusually high deposition chamber pres- 
sures: pressures of preferably at least ^ 10 tonr and 
of about 20-200 torr are utilized. Even the lower 
portion of this range is over 20 times greater itian 
tiie total pressure normally utilized in processes 
utilizing TEOS. The high pressure increases ttie 
density of available reactive species and, thus, 
provides a high d^iosition rate. 

Furttienmore. the use of high pressure enables 
an effective purge. The high purge flow rate im- 
proves ttie ability to remove waste gases, entrained 
particulates, etc. witiiout unwanted d^x)sition on 
the chamber surfaces. The above-described bot- 
tom purge flow sweeps radially outwardly across 
tiie bottom side of tiie susceptor wafer. The bottom 
flow is joined by an upper purge flow ttiat is 
directed downwardly at ttie wafer's periphery. The 
comt>ined streams flow radially outwardly from the 
periphery of ttie wafer, and cause ttie deposition 
gas to flow radially uniformly outwardly, ttien 
ttirough ttie exhaust system of ttie chamber at very 



high flow rates. For example, useful top purge gas 
flow rate (jpreferably nitrogen) may be from 1 slm 
to 10 slm and tiie bottom purge gas flow rate 
(again, nitrogen) may be 1 slm to 20 slm. These 

5 high- pressure, high flow rate top and bottom flows 
purge unwanted gases and particulates everywhere 
wittiout disrupting the uniform deposition gas dis- 
tribution at ttie top of ttie wafer. 
■ Using the reactor 10. ttie presentiy contem- 

10 plated useful flow rate range of the helium gas (tiie 
canier for TEOS) is 100 seem to 5 slm (seem = 
standard cubic centimeter per minute; sbn = stan- 
dard liters per minute) and the associated ozone. 
O3, flow is provided by the composition of 4 to 8 

15 weigfit percent ozone in oxygen flowing at a rate of 
at)0ut 100 seem to 10 slm. The total gas flow rate, 
not including tiie purge gases, typically can be 
witiiin the range 200 seem to 15 slm. 

The above-descn'bed gas flow., chamber pres- 

20 sure, and resulting chamber temperature have pro- 
vided a silicon dioxide deposition rate of about 500 
Angstroms/min. to 4.000 Angstroms/min. 

While useful deposition rates of 500 and 400 
Angstroms/min. have been achieved at conrespond- 

25 ing temperatures of 200*0 and 500«O. as shown in 
RG. 20 tiie deposition rate peaks at about 375'>C ± 
20**C. The decreased deposition above and below 
the peak is a consequence of unfavorable reaction 
kinetics at the surface of the ^bstrate. Fortuitously. 

30 ttie peak temperature is also ctose to the maximum 
processing temperature of atxwrt 400*0 for 
aluminum-containing multiple conductor structures. 
Above - 400''0. hillocks form in aluminum. Above 
- 500*^0. aluminum softens. 

05 Referring to RG. 21. using an (ozone and oxy- 
gen):helium rats ratio of 2:1 (2 slm of 8 wt percent 
ozone in oxygen: 1 slm He canier and TEOS) ttie 
deposition rate saturates at 3,000 Angstroms/min. 
at a chamber prsssure of 80 tonr. and wafer surface 

40 temperature of STS'O (using a TEOS temperatiffe 
of 35*0). with very littie Increase at higher pres- 
sures. Decreasing tiie temperature to 200-375*0 at 
80 ton* decreases tiie deposition rate to 1.000- 
3,000 Angstroms/imln.. respectively. At 20 tonr, tern- 

45 peratures of 200-375'C provide a deposition rate of 
500-1000 Angstroms/min. Above pressures of 
about 120 tonr. gas phase reactions increase par- 
ticulates. This can be controlled by decreasing ttie 
wafer temperature or increasing the diluent flow 

50 rate, but tiiese steps decrease ttie deposition rate. 

While tiie resulting Alms have been character- 
ized as having improved physu»l and electrical 
properties such as cracking resistance, density, 
refractive index, shrinkage, rate of etching, break- 

55 down voltage, flat band voltage, mobile ion con- 
tamination, pin hole density and silicon oxide puri- 
ties, ttie crucial aspect Is ttie excellent -100% 
confbnnal coverage over vertical and horizontal 

16 
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surfeces of steps and over other surface irregularit- 
ies. Consequently^ problems such as overhang, 
cusps and voids are much less severe, thereby 
minimizing or even eliminating the amount of 
follow-up processing which must be done to rem- 
edy such problems and to achieve ptanarization. 

Ftirthermore, this high confbrmaiity coverage is 
provided using undoped oxide coatings. Conven- 
tional processes use reflowing to smooth the de- 
posited oxide and incorporate phosphorus or boron 
doping (phosphosilicate glass, PSQ, borosilicate 
glass, BSG. and borophosphosilicale glass, BPSG) 
to lower the reflow temperature. Our thenmal CVD 
process eliminates the need for reflowing and, thus, 
the use of PSQ, BSG and BPSG and associated 
problems such as aluminum corrosion. However, If 
desired, in our themnal CVD process, the confonmal 
oxide could be doped to a low level of, e.g., 1 
weight percent to 10 weight percent of phosphorus 
and/or boron by incorporating reactants such as 
TMP (tetramethylphosphite) and/br TMB 
(tstramethylborate). The low concentration doping 
level would provide sufficient reflow characteristics. 



B. Tvyp-Step Planarization Process 

In one aspect the process of the present in- 
vention Is an improvement of conventional methods 
fbr planarlzing silicon dioxides such as, for exam- 
ple, conventional methods using spin-on glass and 
polylmide deposition with etch-back. 

Anottier aspect of the present invention is the 
use of tiie above-described thermal CVD stficon 
dioxide deposition process to substantially 
pianarize a dielectric layer, followed by the use of 
an isotropic wet or dry etch, preferably at a high 
etch rate, to complete the planarization process. 
The combination of the above-described tow tenv 
perature. tiiermal CVD. conformal oxide deposition 
process In conjunction with various wet or dry 
Isotropic etch steps provides an unexpectedly con- 
formal planarized dielectric layer which serves well 
in the small geometry. multHevel m^lization 
structures tiiat are currantiy being developed and 
will be developed in the future. Described below is 
a presently preferred dry isotropic etch process 
whteh can be performed in-situ, in the same, re- 
ferenced multi-step chamber. 



C. Three-Step Planarization Process 

In another aspect the present invention is em^ 
bodied in a three-step process which, first, fbnns a 
layer of silicon dioxide, preferably at a high deposi- 
tion rate; ttie above-described ozone and TEOS- 
based ttiennal CVD conformal oxide deposition 



process is used as the second step to form a 
highly conformal oxide coating; tiien. in tiie tiiird 
step, a preferably high rate isotropic etch is applied 
to quickly complete the planarization process. 

5 

D. Prefenred Thre»Step Planarization Process 

• In anotiier aspect of the present invention, the 
10 above-described thermal CVD, conformal oxide de- 
position process is used in a tiiree-step high depo- 
sition rate, high throughput planarization process 
ir)-sftu in the referenced multiple process 
CVD/PECVD deposition chamber. The planarization 
75 process can be applied over existing dielectric 
layers or can be used atone to form a planar 
dielectric. 

The prefenred first step is a PECVD oxide 
deposition. The PECVD oxide deposition process 

20 uses a plasma formed from TEOS. oxygen, and a 
carrier gas with or without a diluent such as helium. 
This process uses a deposition cfiamber pressure 
of from about 1 tonr to about 50 tonr; an oxygen 
rate of from about 100 seem to 1,000 seem, an 

25 inert canier gas (helium) flow rate of from 100 to 
1.500 seem, a total gas fk>w rate (not including the 
purge gases) of 200 seem to 2.5 liters per minute, 
and RF power to ttie - 6 in. diameter gas distribu- 
tor cathode of about 200 - 400 watts. Power den- 
so sity at the gas distributor/cathode 28 is about 1. 
watt/cm^ based on caknilations for a quasi-parallel 
piate configuration. Radiant energy is directed to 
the susceptor from below by tiie annular array of 
vertical lamps to generate a deposition plasma and 

35 heat the wafer surface to a temperature of 300 to 
SOO^'C. Top (nitrogen plus helium mixture) and 
bottom (nitrogen only) purge gas flow rates of 1 to 
15 Sim and 1 to 20 sIm. respectively, are used with 
respective prefenred top and bottom purge gas flow 

40 rates of 2.5 sIm and 10 sIm. These parameters 
provide Si02 deposition rates of about 5,000 
Angstroms/min. to 10,000 Angstroms/min. Typical- 
ly, 0.4 cm ^ d ^ 1 cm. 

Presently preferred ' operating parameters for 

45 tiie PECVD oxide deposition step fbr a 6 in. wafer 
are 600 seem oxygen 900 seem helium, 16,000 
seem total flow (including purge; 1,500 seem ex- 
cluding ttie purge), 10 ± 2 torr pressure and 375*C 
t 20*C wafer temperature. The parameters provide 

50 8102 deposition rates of about 8,500 
AngstromsAmin. for a gas distritHitor-to-wafer sur- 
face distance, d OA cm. 

Quite obviously, the above-described high 
pressure, PECVD oxide deposition process, which 

56 is based upon TEOS gas chemistry and has essen- 
tially the same chamber requirements as the 
crucial conformal silicon dksxide deposition step, 
makes tiie use of the same chamber not only 
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possible, but preferable. 

There are several methods known In the art for 
depositing silicon dioxide by chemical vapor depo- 
sition, including the Cise of.silane and oxygen and 
pyrolysis of tetraethylorthosillcate (TEOS) at a tem- 
perature in the range of 700 to 80O''C at a pressure 
less than about 5 Tonr. This pyrolysis process may 
be utilized, with a silicon nitride, silane and ammo- 
nia plasma, or with an oxynltride, silane. ammonia 
and N2O plasma Plasma-assisted chemical vapor 
depositions using TEOS at pressures below 1 Ton- 
are also utilized, with variations including use of 
spin on glass, and polyimides. 

The present PECVD process provides methods 
for improving deposition rate, cracking resistance, 
physical and electrical properties of CVD-deposited 
silicon dioxkje. The present inventton also provktes 
an improved method for depositing silkxin dioxMe 
wherel)y improved step coverage and lower stress 
of the deposited layer are obtained. 

In particular, tfie present PECVD process pro- 
vkfes an improved method for the plasmarerv- 
hanced chemteal vapor deposition of TEOS to oth 
tain the atx>ve advantageous Improvements where- 
by tiie preferred conditions of deposition are a 
higher tiian usual pressures (up to 50 Tonr) and at 
temperatures of about 200 to 400*>C. The usual 
conditions for the plasmarenhanced chemical vapor 
deposition using TEOS are at a total pressure 
range ^of up to about 1 Tdhr (including tiie earner 
gas), of which the oxygen in the plasma is at a 
pressure of about 0.4 Tonr. During deposition, tie 
sutistrate temperature usually gradually Increases 
from about room temperature to about 400*C. See, 
for example, Mackens etal.. Thin Solid Rims, 
97:53-61 (1982). 

The deported ^lk»n (fioxide coatings accord- 
ing to- tiie present invention also have improved 
cracking resistance and have improved step cov- 
erage over silkxm dfoxide coatings deposited by 
other methods. The problem of step coverage 
deals with tiie creation of a mushroom-shaped de- 
posited overhang at the comers of tfie step sul>- 
strate. This overttang must be removed by subse- 
quent processing, thus complicating the process. 
By utilizing the process accorcfing to the present 
invention, the problem of the overtiang is much 
less severe, hereby minimizing or even eliminating 
the amount of processing to remedy this problem. 

The silicon dtoxide coatings fbnmed according 
to tfie present invention also exhibit tower stress 
and are characterized generally by indtees of -iE9 
(compression) to '•-1E9 (tension), witii tiie preferred 
index b^ng -IE8. Also, the coatings accordng to 
the present Invention exhibit improved physk:al and 
electrical properties and that the density, refractive 
index, shrinkage param^ers, rate of etching, break- 
dovm voltages, flat band voltages, mobile ion con- 



tamination, pinhole densities and silicon oxide pu- 
rity are improved. 

Rnally. by utilizing the process according to 
the present invention, particularly in the apparatus 

5 disctosed in the above-identified co-pending ap- 
prication, the operation at high pressures (presentiy 
up t about 50 Tonr) allows the plasma to be con* 
fined at the top of the substrate, thus making it less 
likely to contaminate the skJes of tiie chamber and 

10 the surfoces on whfoh deposits are not desired. 

Preferably, the third step Is a high rate iso- 
tropic etch process comprising the step of expos- 
ing the existing silicon dioxide surface to the plas- 
ma formed from fiuorinate gas selected from CF4. 

75 NF3 and CzFb in a doping gas such as helium to 
stabilize tiie plasma, in a chamber at a temperature 
in the range of about 100*0 to 500*C and prefer- 
ably 200''C to 400''0. (Helium and/or oxygen can 
be incorporated to form gases with the carbon). 

20 The total gas chamber pressure for these gases 
will usefully be in the range of about 200 mt to ^ 
torr. The preforred range is 500 mt to 10 tonr. The 
total gas ftow rate of the plasma will be determin- 
able by those skilled in the art However, an op- 

25 arable range of 20 seem to 3.5 sIm has been found 
useful for the apparatus disck)sed in the referenced 
multiple process OVO/PECVD reactor. The pre- 
fenned total gas flow rate is from about 170 seem to 
1.25 sIm. The usefol range for the N!=3 (or CaRO gas 

30 flow Is from about 10 seem to 500 seem, with the 
preferred range being from about 70 to 200 seem. 
The individual flow rate of the doping gas. usually 
helium, will be from about 10 seem to 3.5 slm and. 
preferably, 100 seem to 1 slm. RF power density of 

35 about 0.5 -1 wattsfcm^ was used, atong with radiant 
power from the lamp module to provide the sub- 
strate temperature of < 500*0 and the prefenred 
temperature of 200*0 - 400*0. A distance d ^ 0.4 
cm is used. Below 0.4 cm, plasma instability in- 

40 creases. Also, as d is increased above 1 cm. tiie 
etch may become too effective and etch other 
components. 

At the relatively high temperatures used, it has 
been found that rapid accurate isotropic etching of 

46 the silicon dioxide is accomplished. Specifically, 
etching rates of from 5CX) Angstroms per minute to 
1 micron per minute are otitained wfierein the 
etching Is Isotroplcally performed and smooth. 
While this Isotropic etch process is also useful 

50 generally, for example, for fomning metal contacts, 
it is particuiariy usefol for provkling profile control 
of SiOz step-coverage layers, as described above,. 
In particular, this uniform high rate Isotropic etch 
has the advantage of additionally planarizing the 

55 substantially planarized contour which results from 
the SiQ2 deposition. 

This high rate isotropic etch step was done in- 
situ in the same reactor used for the two above- 

18 
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described silicon dioxide deposition steps. As -a 
consequence, this preferred sequence provides an 
integrated in-situ three-step process for forming a 
planarized silicon dioxide layer even over non- 
planar layers incorporating small geometry steps, 
trenches, etc. In combination with the TEOS and 
ozone-based thenmal CVD confonmal oxide deposi- 
tion step, tiie use of tite high rate PECVO oxide 
deposition step and the high rate etching step, ttie 
ability to use the same chamber for all three steps 
provides a fast high throughput planarization pro- 
cess which IS also less susceptible to contamina- 
tion and wafer damage and other problems which 
result when a wafer is handled repeatedly and 
switched from one chamt)^ to another. 

The use of the above-described tiiree-step 
planarization process Is shown schematically In 
RQS. 18 and 19. As depicted in RQ. 18. ttie first 
step forms a relatively thick stepped layer 182 of 
silicon dioxide over the stepped topography 181 at 
a very high deposition rate. The second step is 
then used to form thereon confomtal silicon dioxide 
layer 183. which is sut)stantialiy planarized despite 
ttie underiying deep step 184. Finally, as shown in 
RQ. 19. the third, isotropic etch step quickly 
etches away ttie upper surface 185 betow ttie re- 
sidual step topography 186. if any. in layer 183. 
thereby providing a smooth planar surface 187 for 
subsequent layers. 

in addition, while the above-described tiirae- 
stsp in-situ process is a presently preferred em- 
bodiment of our planarization process for silicon 
dkixide. the ozone-and TEOS-based thermal CVD 
step (second step) can be used In combinatfon with 
other Initial dielectric coatings and other Isotropic 
etch steps. For example, the ozone thermal CVD 
second step can be used to deposit a highly con- 
formal silicon dioxide coating on silicon oxide or 
silicon nitride or silicon oxynitride or other dielectrk; 
layers formed by CVD or by other mettiods, and 
the resulting substantially planarized layer can be 
etched to a planar topography using other, prefer- 
ably high rate, dry {e.g^ plasma) or w^ chemicai 
isotropic etch methods. 



E Chamber Setf-Cteaninq 

An IsotrofMc chamber seff-deaning etch se- 
quence has been done using fluorinated gas at a 
pressure of about 600 mT to 10 tonr. high RF 
power density of 1 - 2 watts/cm^, distance, d « 1 
cm and the other parameters, including the gas 
flow rates, described above for the Isotropfo etch 
process. This process has been used to dean the 



referenced multi-step CVD-PECVD reactor. After 
depositing an - 5u thfok silicon dk»dde film on a 
wafer, ttie chamber can be cleaned in about one 
minute. 

5 

F. Summary: Alternative Process Sequences 

' The f6lk>wing is a partial listing of some of ttie 

10 possible ways in which ttie above-described depo* 
sition. etch and self-cleaning steps can be used, 
alone and in combination. 

Rrst, the ttiemial CVD oonfonmal-oxide deposi- 
tion process using ozone, oxygen and TEOS can 

1$ be used akme to pianarize an existing dielectric 
which has been formed, for example, without per- 
fiect step coverage or with perfect step coverage on 
a non-perfect topography. 

Secondly, tfie confomnal oxide-forming ttiermal 

20 CVD step can be applied to existing dielectrics 
followed by an isotropic etch step to etch back any 
remaining non-planarities to a planar topography. 

Third, in a prefenred high rate planar<Iielectric 
fonming sequence which can be used by itself to 

2S form dielectrics such as inter-level dielectrics or 
can be applied to rectify imperfect step coverage 
and/or topography in existing dielectrics, ttie 
above-described high rate PECVD oxkle step is 
applied followed by the confbmnal oxide-fbrming 

30 thermal CVD sequence. In a preforred sequence 
using isotropic etch back to remove any non-planar 
features, tiie high rate PECVD oxide deposition 
sequence is utilized folfowed tyy the confbrmal 
oxide-forming thermal CVD step foltowed by an 

35 isotropic etch step, preferat>ty the above-described 
high rate plasma isotropic etch. 

Numerous otfier combinations are possible for 
particular situations/problems. For example, the fol- 
lowing sequence may be preforred where it is 

40 desired to form a ttiin protective oxide layer over a 
sensitive device or other structure before ttie ap- 
pIk:ation of RF power 

1. Tliermai 0^ CVD Confbrmal-Oxkie Deposi- 
tion: 

46 2. High rate PECVD Oxkle Deposition: 

3. Thenmal Ob CVD Confbrmar-Qxide Deposi- 
tion: 

4. PECVD Oxide Deposition: and 

5. High Rate Isotropic Etch. 

so Also, for forming very thick planar oxides over 
stepped topographies, the first two steps of the 
fblfowing sequence can be used to pianarize the 
stepped topography folkywed t>y appfication of ttie 
high rate oxide deposition to buiki up the very ttiick 

55 oxkie thickness over the planar surface: 

1. High Rate PECVD Qxkie Deposition; 

2. Thenmal Qs CVD Confbrmal Oxkle Deposi- 
tion; and 
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3, High Rate PECVD Oxid© Deposition. 
As another alternative, the very thick planar 
oxide process descrii::ij8d Immediately above can 
incorporate an isotropic etch bade as the final step 
to achieve full planarizatidn. and the reqdred thick- 
ness. 

Finally, but certainly not exhaustively, the iso- 
tropic chamber seff-deaning etch can be inserted 
as desired within or at the end of the other process 
sequences to maintain the chamber in a dean 
deposition-free state. 

While this invention has been described above 
In connection with various preferred and alternative 
embodiments, it is understood that persons of skill 
'm the art can make numerotis modifications without 
departing from the scope of the invention as 
claimed in the folbwing dalms. 



Claims 

1. A semiconductor processing reactor com- 
prising: 

a housing defining a chamtier for mounting a 
wafer horizontally and Induding a horizontal. Inlet 
gas manifold over the wafer mountir)g posttton for 
supplying reactant gases to a wafer at the mount- 
ing positton; 

a gas distributor plate mounted peripherally 
about the wafer mounting position within the cham- 
ber, the plate indudihg a drcular anray of ^aust 
hdes therein; 

a vacuum exhaust pumps means; and wherein 

the housing also includes a drcular channel 
beneath and convnunicating with the hole array 
and having an exhaust port connected to the vacu- 
um exhaust pump means for flowing said gases 
radially across the wafer through the exhaust port, 
the channel volume providing conductance suffh 
dent to enable controlled radial gas flow across the 
wafer to the exhaust holes. 

2. A semteonductor processing reactor com- 
prising: 

a housing defining a chamber therein for 
mounting a wafer horizontally; 

vacuum exhaust pumping means communicat- 
ing with the chamber 

a horizontal inlet gas manttoki oriented 
horizontally over the wafer mounting portion for 
supplying reactant gases to a wafer at the mount- 
ing position; the manlfdd also comprising a first 



central array of holes for dispensing the reactant 
gas downward to the wafer and a second periph- 
eral anray of holes for directing purging gas down- 
ward to the periphery of the wafer, the first and 

5 second an^ys of holes each comprising a number 
of generally concentric rings with the first central 
anray having random within-ring hole spadng for 
■ controlling the number of radially aligned holes and 
the second peripheral array having a radially stag- 

10 gered pattem to ensure no ring-to-ring alignment of 
holes. 

3. The reactor of Claim 2. the manifold further 
comprising ar> internal plate for directing Internal 
flow radially inwardly to the first, central anray of 

75 • holes. 

4. The reactor of Claim 2, including means for 
drculating cooling fluid within the manifdd for 
maintaining the internal surfaces within a selected 
temperature range and for maintaining the external 

20 wafer-^adjacent surface above a selected tempera- 
ture range. 

5. A semiconductor processing reactor com- 
prising: 

25 a housing defining a chamber therein including 

a horizontal inlet gas manifold oriented horizontally 
for supplying reactant gases to process a vvafer 
within the chamben the housing further inducing 

so a susceptor for supporting a wafer; 

susceptor support means for mounting the 
susceptor In a horizontal position; and 

35 means for selectively moving the wafer 

support means vertically for positioning the suscep- 
tor and wafer parallel to the gas manKbki at se- 
lected positions closely adjacent tfte gas manifold. 

6. The reactor of Claim 5. wherein the parallel 
40 spadng between the gas manifoW and tiie suscep- 
tor and wafer Is less than atx3ut one centimeter. 

7. A semiconductor processing reactor adapted 
for singte step and in-situ multiple step processing 
sequences selected from tiiermal chemical vapor 

45 deposition, plasma-enhanced chemfoal vapor depo- 
sition, plasma-assisted etchback, plasma seff- 
deaning and topography modiffoation by sputtering 
witti urtiform water processing over a wkte range of 
high pressure one atmosphere, comprising: 

so 

a housing defining a chamber for mounting a 
wafer for processing at a selected position therein; 

a first gas inlet manifold positioned atx3ve tfie 
55 wafer mounting position, tiie manifold having a 
center gas outiet region adapted for directing reac- 
tant gases downwardly, to the wafer and an outer 
peripheral regfon adapted for directing purging gas 
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toward the wafer periphery; 

a second gas inlet manifold located at the 
bottom of the chamber and adapted for directing 
purging gas upwardly across arid across the wafer; 

means for circulating fluid at a controlled 
temperature within the first gas Inlet manifold for 
maintaining the internal surfaces within a selected 
temperature range for preventing condensation, de- 
composition and reaction of said gases ttierein and 
for maintaining the external wafer adjacent surface 
at)ove a selected temperature range for suppress- 
ing unwanted deposition thereon; 

a radial gas flow pumping means comprising 
vacuum exhaust pump means gas distributor plate 
mounted peripherally about the wafer mounting po- 
sition within the chamber, the plate including a 
circular array of exhaust holes ttierein: a drcular 
channel formed on tfre chamber communicating 
with the exhaust holes and having an exhaust port 
connected to the vacuum exhaust pump means for 
flowing said undeposfted deposition ^ses radially 
across the wafer throu^ the exhaust port said 
channel volume providing conductance suflicient to 
enable controlled radial gas flow across the wafer 
to the exfiaust holes; 

a thin high emissivity susceptor; 

movable susceptor support mearts mounting 
ttie susceptor In a honzontal position and adapted 
for moving vertically for selectively positioning ttie 
susceptor and wafer po^oned thereon parallel to 
ttie gas manifold at selected positions closely adja- 
cent the gas manifold: 

a transparent window forming the tx>ttom of 
the chamber; radiant heating means mounted to 
the housing beneath the window comprising near- 
infrared lamps and a circular reflector module 
mounting ttie lamps in a circular anray for cfirecting 
a collimatad beam of radiant energy through the 
quartz window onto the susceptor with an incident 
power density sut)stantially higher at the edge of 
tiie susceptor tiian at the center thereof: and 

a gas feed-through device connected to ttte 
first manifold, compri^ng tube means having inlet 
and outlet ends and being adapted for providing 
coaxial flow of deposition gas on the inside thereof 
and purge gas on ttie outside thereof into the first 
manifold, ttie tube means being adapted for con- 
nection to ground at an inlet end and to an RF 
power supply at ttie outiet or manlfbid end for 
supplying RF power to the gas inlet manifold* and 
ttie tube means also having a controlled electrical 



impedance along its length for establishing a con- 
stant voltage gradient along said lengtti to prevent 
breakdown of ttie gas ttierein. 

8. A semiconductor, processing reactor com- 
5 prising: 

a housing defining a chamber therein adapted 
for ttie gas chemistry processing of a wafer within 
ttie chamber; 

10 

a transparent window forming ttie bottom of 
the chamber; and 

a thin, high emissivity susceptor positioned 
75 wittiln said chamber for supporting a wafen said 
housing furtfier comprising: 

. radiant heating means mounted to the housing 
beneatti ttie window, comprising: a circular anray of 

20 lamps and a reflector module having an annular 
reflecting channel therein aligned with the periph- 
ery of ttie susceptor. the reflector module mounting 
ttie lamps in a general vertical orientation in a 
circular array within the channel for directing a 

25 sut)stantially collimatad beam of ladiant energy 
from the lamps tiirough ttie quartz window onto the 
susceptor with an incident power density substan- 
tially higher at ttie edge of tire susceptor ttian at 
ttie center ttiereof. 

so . 9. The reactor of Claim 8. the racfiant energy 
supplied by ttie lamps being concentrated substan- 
tially in the wavelengtii range of about 0.7 to 2.5 
microns. 

10. The reactor of Claim 9. tiie radiant energy 
36 supplied by the lamps being concentrated at a 

peaic emission wavelength of approximateiy 0.9 to 
1.5 microns. 

11. The reactor of Claim 9. wherein the 
susceptor is selected from graphite, aluminum, ce- 

40 ramie and composites thereof. 

12. A semiconductor processing reactor com- 
prising: 

a housing defining a chamt}er therein adapted 
46 for the gas cfiemistry processing of a wafer within 
ttie chamber said housing fiirttier Including: 

a first gas inlet manlfbid positioned above the 
wafer and a second gas inlet manifold located at 

50 the bottom of ttie chamber, ttie first manifold hav- 
ing a center region adapted for directing deposition 
gas downwardly to ttie wafer and an outer periph- 
eral region adapted for directing purging gas down- 
wardly to the wafer periphery, and the second 

55 manifold being adapted for directing purging gas 
upwardly to ttie wafiar periphery: and 
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means for exhausting undeposited gases 
radially away from the wafer. 
* 13. The reactor of Claim 11. the reactor being 
adapted for operation at pressure of ^ 760 torr. 

14. The chemical vapor deposition reactor of 
Claim 12. adapted for operation at a pressure of 
0.1 to 200 torr. 

15. The reactor of Claim 12 or 13, the first gas 
inlet manrfbid having temperature controlled inner 
and outer surfaces for enhandng control of deposi* 
tion within the chamber and preventing deposition 
within the manifold. 

16. A chemical vapor deposition reactor, com- 
prising: 

a housing defining a chamber therein adapted 
for the chemical vapor deposition of a wafer within 
the chamber; 

a gas inlet manifold for supplying at least 
deposition gas to the chamk)en the gas inlet mani- 
fold comprising temperature controlled inner and 
outer surfaces for enhancing control of deposition 
within the chamber and preverrting deposition with- 
in the manifbfd. 

17. A chemical vapor deposition reactor, com- 
prising: 

a housing defining a chamber therein and 
being adapted for the chemical vapor depositoi of 
a layer on a wafier within the chamber, and includ- 
ing a gas inlet manifold for supf^ng deposition 
gases to the chamber and an RF power supply and 
matching for forming a deposition gas plasma with- 
in the chamber to deposit the layer on the virafor; 
and 

the housing further including a combined 
RF/gas feed-through device connected to the gas 
inlet m»iifold and comprising: tube means having 
inlet and outlet ends and being adapted for provid- 
ing co-axial flow of depo^tion ^ on the in^de 
thereof and purge gas on the outside thereof into 
the gas Inlet manifold. tt)e tut)e means being adapt- 
ed for connection to ground at the inlet end and to 
an RF power supply at the outlet or manifold end, 
and the tut>e means also having a controlled elec- 
trical impedance along its length for estabflshing a 
constant voltage gradient along said length to pre- 
vent tjreakdown of the gas. 

ia The chemical vapor deposition reactor of 
Claim 17. the gas inlet manifold having tamperature 
controlled inner and outer surfaces suppressing 
unwanted deposition on the outer surfiaces and 
preventing condensation and deposition witiiin the 
manifold. 



19. The chemical vapor deposition reactor of 
Claim 17 or 18. said gas inlet manifold having a 
center region adapted for directing deposition gas 
downwardly to the wafer and an outer peripheral 
5 region adapted for directing purging gas downwar- 
dly to ttie wafer periphery; and said adaptation 
further including: 

a second gas manifold adapted for directing 
10 purging gas upwardly to the wafer periphery; and 

means for exhausting said combined purging 
and undeposited process gases radially away from 
said water periphery. 
15 20. The chemical vapor deposition reactor of 
Claim 17, 18 or 19: 

a transparent window forming the txsttom of 
thechamben 

20 

a thin, high emissivity susceptor positioned 
within the chamber for supporting a wafer; 

radiant heating mounted to the housing 
25 beneath the window, comprising: a circula' array of 
lamps and a reflector module having an annular 
reflecting channel tiierein aligned witii tiie periph- 
ery of ttie susceptor, the reflector module mounting 
said lamps in a general vertical orientation In a 
30 circular anray within tiie channel for directing a 
substantially coiiimated beam of radiant energy 
fiXMTi tiie lamps through the quartz window onto the 
susceptor witii an Incident power density substan- 
tially higher at the edge of the susceptor than at 
3S the center thereof and 

means for intemaily cooling the reflector 

module. 

21. A semiconductor processing reactor con>- 
40 prising a housing defining a vacuum chamber 
therein adapted for the chemical vapor deposition 
of a layer on a waf^ positioned witiiin the cham- 
ber, the housing having a dosatile opening therein 
for receiving a wafer-holder blade to insert the 
45 wafer Into the chamt>er and remove the wafer from 
tiie chamben said adaptation furttier comprising: 

a first, vertically movable, generally circular 
horizontal array of fingers adapted for hokfing the 
50 wafer; 

a second, vertically movable, generally drcular 
horizontal anray of fingers interdigitated with the 
first fingers, the second fingers being adapted for 
55 holding a thin generally circular susceptor in a 
horizontal orientation; 

a first vertically movable elevator mechanism 
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mounting the first fingers and for moving the first 
fingers (a) upwardly to lift the wafer off the blade 
preparatory to lifting movement of the second fin- 
gers into a processing position and (b) downwardly 
to return the wafer to the blade; and 

a second, vertically movable elevator mecha- 
nism mounting ttie second fingers for moving the 
second fingers (c) upwardly past the first fingers to 
lift the wafer therefrom and onto the susceptor and 
into the said processing position, and (d) downwar- 
dly fbr depositing the processed wafer onto the first 
fingers preparatory to return by the first fingers to 
the blade. 

22. A chemical vapor deposition reactor sys- 
tem* comprising: 

a housing forming a vacuum chamber, said 
housing having a first horizontal gas manifold 
adapted fbr introducing reaction gas into the cham- 
ber; 

a first, vertically movable elevator mechanism; 

a first, vertically movat>le. generally circular 
horizontal anay of fingers adapted fbr holding the 
wafen 

a second, vertically movable elevator mecha- 
nism; 

a second, vertically movable, generally drcuiar 
horizontal anray of fingers interdigitated with the 
first fingers, the second fingers being adapted for 
holding a thin generally circular susceptor in a 
horizontal orientation; 

a first vertically movable elevator mechanism 
mounting the first fingers fbr moving the first fin- 
gers (a) upwardly to lift the wafer off the blade 
preparatory to lifting movement of the second fin- 
gers into a processing position and (b) downwardly 
to retum the wafer to the blade; and 

a second, vertically movable elevalor mecha- 
nism mounting tiie second fingers for moving the 
second fingers (c) upwardly past tiie first fingers to 
lift the wafer ttierefrom and onto the susceptor and 
into the said processing position, and (d) downwar- 
dly for depositing the processed wafer onto the first 
fingers preparatory to return t>y the first fingers to 
the blade: 

the bottom of said chamber comprising a 
transparent quartz window; 

racfiant heating means mounted to tiie housing 
beneath the window and comprising a circular ar- 



ray of quartz-tungsten-halogen lamps and a reflec- 
tor module having an annular reflecting channel 
. therein aligned with the periphery of the. horizontal 
susceptor. the reflector module mounting the lamps 

5 in a general vertical orientation in a drcuiar anray 
within the channel, for directing a substantially- 
collimated beam of near-IR radiant energy from ttie 
lamps ttirough ttie quartz window onto the suscep- 
tor with a power density sut»stantiaily higher at the 

TO edge of ttie susceptor ttian at ttie center tiiereof; 

ttie manifold comprising a first central anray of 
holes for dispensing deposition gas. and furttier 
comprising a second peripheral amay of holes for 

IS directing purging gas downward to the periphery of 
the wafer; ttie first and second arrays of holes each 
comprising a numt)er of generally concentric rings 
with the first central array having random hole 
spacing within each ring for controlling the number 

20 of radially aligned holes: and ttie second peripheral 
anray having an approximately equal mmber of 
holes in each ring arranged in a radially staggered 
pattern free of ring-to-ring radial afignment of holes: 

25 an annular second inlet manifbld positioned 

around ttie bottom of the chamber adjacent ttie 
quartz window for directing purge gas into ttie 
chamber 

30 an annular exhaust channel defined wittiin the 

housing about ttie periphery of ttie wafer deposition 

position; 

vacuum mean couples to the annular exhaust 
35 chamber for applying a vacuum to the chamtier. 
whereby application of said vacuum and application 
of purge gas to the first and second manifolds 
causes a first purge gas fiow downwardly from ttie 
first manifold to the outer periphery of the wafer 
40 and a second purge gas flow from the second 
manifbld sweeping across ttie quartz window, then 
upwardly past ttie bottom edge of the wafer, said 
two flows merging and flowing out of the chamber, 
thereby removing spent deposition gas aid ef>- 
45 trained products; 

ttie susceptor being connected to ground; and 

ttie reactor also comprising a deposition ga? 

50 feed-tfirough device connected to ttie first manifold, 
comprising: tube means having inlet and outiet 
ends and being adapted fbr providing co-axial flow 
of deposition gas on ttie inside tiiereof and purge 
gas on the outside thereof into the first manifold. 

55 the tube means being adapted for connection to 
ground at the inlet end and to an RF supply at ttie 
outtet or manifold end. and ttie tube means also 
. having a controlled electrical Impedance along its 
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length for establishing a constant voltage gradient 
along said length to prevent tmakdown of the gas 
therein. 

23. A method of positioning a wafer on a 
susceptor within a chsmtoer for processing t>y reac- 
tant gases Inlet to the chamber from a gas Inlet 
boK, comprising: 

supporting the wafer in a horizontal orientation 
on a wafer support blade: 

inserting the blade into the chamber to a 
selected position therein; 

elevating wafer support fingers to lift the wafer 
from the blade; 

retracting the blade from the chamber, and 

elevating susceptor-supporting fingers to pick 
up tiie wafer and posftion the wafer a selected, 
variable distance from the adjacent gas box, par- 
allel to tfie gas bcoc 

24. The method of Claim 23, further comprising 
the steps of removing the waf^ firom the chamber 
by 

lowering the susceptor support fingers to 
deposit the wafer onto the wafer support fingen 

inserting the wafer support blade into the 
chamber to tiie selected positions; 

lowering the wafer support fingers to deposit 
the wafer onto the wafer blade; and 

r^racting ttie wafer support blade wttti the 
wafer thereon from the chamber. 

25. The mettKMj of Claihi 24, the wafer support 
fingers and susceptor support fillers being auto- 
matically left in position for the next wafer Insertion 
sequence. 

26. A meOiod for altering the topography of a 
substrate coating In a d^ber comprising the step 
of exposing the coating to a sputtering gas inlet to 
the chamber at a chamber pressure of 5 mt to 2 
torr and distance between tiie gas inlet and coating 
off about 0.1 tol in. 

27. A method for depositing a confonmal layer 
of silicon dioxide onto a substrate, comprising ex* 
posing said substrate to a reactive spectes fbrmed 
from ozone, oxygen, tetraettiylorthosilicate, and a 
carrier gas wfttiin a vacuum chamber, tiie total gas 
pressure wittiin the chamber being within tiie ap- 
proximate range 10 ton* to 200 torr and the sut>* 
strata temperature being wittiin ttie range 200*C to 
500»C. 



28. The metiiod of Claim 27, tiie substrate 
temperature b^ng about 375''C. 

29. The metiiod of Claim 27 or 28, ttie cham- 
ber pressure beAng approximately 40 torr to 120 

5 torr. 

30. The metiiod of Claim 27. furttier comprising 
applying purging gas flow to the chamber to con- 
fine tiie deposition plasma to ttie substrate. 

- 31. The metttod of Claim 27. furttier comprising 
10 applying purging gas flow upwardly and downwar- 
. dly toward ttie substrate and tiien radially out- 
wardly for confining tiie deposition plasma to the 
substrate. 

32. In a metiiod for depositing silicon dioxide 

IS onto a substrate by exposing the substrate to a 
plasma fbrmed from the gas flow of tetraetiiylor- 
thosiiicate. oxygen, a carrier gas. ttie improvement 
comprising tiie step of exposing said substrate to 
said plasma in a chamber wherein the total gas 

20 pressure is in ttie range of about 1 to 50 torr, the 
temperature is In the range of about 200^C to 
SOO'^C and the flow path of said plasma in the 
chamber to ttie surface of said si^bstrata is less 
than atxnjt 1 centimeter. 

2S 33. The mettiod of Claim 32, tiie gas flow 
further comprising a diluent gas such as helium. 

34. The mettiod of Claim 32, the pressure 
being at>out 8-12 ton^ and tiie substrate tempera- 
ture being about 375'*C ± 20'*C. 

30 35. The metiiod of Claim 32, fifftiier comprising 
applying purging gas flow to the chamber to con- 
fine the deposition plasma to the substrate. 

36. The mettiod of Claim 32, furttier comprising 
applying purging gas flow upwardly and downwar- 
ds dly toward ttie substrate and ttien racKalty out- 
wardly for confining ttie depo^on plasma to the 
substrate* 

37. A m^hod for isotropically etching a silicon 
dioxide surface comprising ttie step of exposing a 

40 silicon dioxide surface to a plasma fbrmed from 
fluorinate gas selected from NFj, CFa and CzFa in a 
carrier gas inlet to chamber at a wafer temperature 
in tiie range of from about 100**C to SOO^C and the 
distance between the inlet and the surface of said 

45 substrate is ^ about 0.4 cm. 

38. The mettiod of Claim 37. ttie chamber 
pressure being wittiin ttie range of about 200 mT to 
20 torr. 

39. The mettiod of Claim 38. ttie chamber 
50 pressure being within ttie range 500 mT to 10 tonr. 

40. A method for planarizing a non-planar di- 
electric coating within a vacuum chamtier. compris- 
ing: 

55 depositing a confonmal layer of silicon dioxide 

onto the substrate by exposing tiie substrate to a 
reactive species fomied from ozone, oxygen, 
tetraettiylorttiosilicate and a canier gas. ttie total 
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chamber gas pressure being within the approxi- 
mate range 10 torr to 200 tonr and the substrata 
temperature being within the approximate range 
200"C to SOO'^C. thereby forming a jcomposite of 
the confbrmai layer on the substrate; and 

isotroplcally etching the outer surface of the 
resulting composite layer. 

41. The method of Claim 40. the substrate 
temperature being about 375''0 ± 20"C and the 
chamber pressure being 40>120 torr. 

42. The method of Claim 40 or 41. wherein the 
underlying coating is selected from silicon dioxide, 
silicon nitride, silicon oxynitride and polysiBcon. 

43. The method of Claim 40 or 41. wherein the 
underlying coating is silicon dioxide. 

44. A method for fbnming a pianarized compos- 
ite cHelectric layer on a non-planar substrate, com- 
prising: 

first depositing a relatively thick layer of 
silicon diowde by exposing the underlying layer to 
a reactant gas plasma formed In a vacuum cham- 
ber: 

second, depositing a relatively thin second 
silicon dioxide layer by exposing the underlying 
silicon dioxide layer to a reactive spedes fbnned 
from tetraethylorthosllicate, ozone and a canrier gas 
In a vacuum chamber, the total gas pressure being 
within the range of about 10 torr to 200 tonr and the 
temperature being within the range of about 200''C 
to 500*C; and 

third, isotropicalty etching the resulting 
composite film by exposing the composite to a 
reactant gas plasma fbrmed in a vacuum chamber. 

45. A method for forming a pianarized cmpos- 
ite dielectric layer on a substrate, comprising: 

first depositing a layer of silicon dioxide onto 
the underlying layer by expo^ the underlying 
layer to a plasma formed from tetraethylor- 
thosilicate. oxygen and a carrier gas in a chamber 
wherein the total gas pressure is in the range of 
about 1 torr to 50 ton: and the temperature is in the 
range of about 200<*C to SOO^'C; and 

second, depositing a relath/ely thin second 
siiicon dioxide layer by exposing the underlying 
silicon dioxide layer to a reactive species fbrmed 
from tetraethylorthosllicate. ozone, oxygen and a 
carrier gas in said chamt)er wherein the total gas 
pressure is within the range of about 10 tonr to 200 
tonr and the temperature is in the range of about 
200«C to 500»& 



46. A method for forming a pianarized compos- 
ite dielectric layer on a substrate, comprising: 

first depositing a layer of silicon dioxide onto 
5 the underlying layer by exposing the substrate to a 
plasma fonned from tetraethyiorthosdlicale, oxygen 
and a canrier . gas in a chamber wherein the total 
gas pressure Is In the range of about 1 torr to 50 
tonr and the temperature Is In the range of about 
10 200«C to 500'C: 

second, depositing a relatively thin confbnnnal 
second silicon dioxide layer by exposing I3t\e urKler- 
iylng oxide layer, to a reacth^ species fbrmed from 
IS tetraethylorthosilicate, ozone, oxygen and a canrier 
gas in said chaml>er wherein the total gas pressure 
Is within the range of about 10 tonr to 200 tonr and 
the temperature is in the range of about 200*0 to 
SOO^'&and 

20 

third. Isotroplcally etching the resulting 
composite film by exposing the composite to a 
plasma formed within said chamt>er from a reactive 
gas selected from fluorinate gases such as HF% 
25 CFa and C2F6. the total gas pressure within said 
chamber being within the approximate range 200 
mt to 20 tonr and the chamber t^perature being 
vrithin the approximate range 200''C to SOO^'C. 

47. The method of Claim 46, wherein the first 
30 step uses a chamber pressure of about 8-10 tonr 

and a substrate temperature of about 375*C t 
20'»C. 

48. The method of Claim 46 or 47, wherein the 
second step uses a chamt)er pressure of about 40 

35 torr to 120 tonr and a sut^strate temperature of 
about 375*0 1 20*C. 

49. The process of Claim 48. wherein the third 
step uses a chamber pressure of about 500 mil- 
litonr to 10 tonr and a sitetrate temperature of 

40 about 37S^C 1 20*C. 

50. The method of Claim 46, further compris- 
ing: 

prior to the first step of Claim 18, depositing 
45 on tiie substrate a relatively thin protective silicon 
cfioxide layer by exposing the substrate to a reac- 
tive spedes fonmed from tstraethylorthosllicata, 
ozone, oxygen and a canrier gas in said chamt)er at 
a total pressure within the range of about 10 torr to 
50 200 tonr and a temperature In the range of atxxit 
200"C to 500*C; and 

between said second and third steps of Claim 
18, depositing a relatively thick layer of silicon 
55 dioxkje onto the confbrmai oxide fbrmed during the 
second step of Claim 18 by exposing the deposit 
to a plasma formed from tetraethytorttiodlteate. 
oxygen and a canrier gas In a chamber wherein the 
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total gas pressured is in the range of about 1 torr to 
50 torr and the temperature is in the range of about 
200*C to 500-C. ~ 

51 . Thia method of Claim 45, further comprising 

the third step of forming a layer of silicon dioxide 5 
onto the depo^ resulting from Claim 17 by expos- 
ing to a plasma formed from tetraetfrylorthosllicate, 
oxygen and a carrier gas in a chamber wherein the 
total gas pressure Is in the range of about 1 tonr to 
50 ton' and the temperature is in the range of about ro 
200»C to 500*C. 

52. A method fbr self-cleaning a reactor cham- 
ber comprising applying etching gas to the cham- 
ber at a pressure of about 500 mT to 10 tonr and 

RF power density of about 1 to 2 watts/cm^ applied is 
t)etween the gas manifold and wafer support 

53. The method of Claim 28, 33 or 3ft further 
comprising the st^ of self-cleaning the chamber 
comprising applying etching gas to the chamt)er at 

a pressure of about 50 mT to 10 tonr and RF power 20 
density of about 1 to 2 watts/bm^ sailed between 
the gas manifbid and wafer support 
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